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SUMMARY
The dark-on-bright (negative contrast, light decremental, light offset) stimulus and dynamic fixation 
target are non-conventional and their usefulness in visual field examination has not been fully 
documented before. The utility of light offsets (i.e. offset stimuli) and dynamic fixation was 
investigated for kinetic and static perimetry on a tangent screen without or with automation and 
the results were compared to those from conventional bright-on-dark (positive contrast, light 
incremental, light onset) stimuli and static fixation.
The disappearance eccentricities of offset and onset stimuli of equal size were determined in eight 
normal eyes, using dynamic fixation technique at two different levels of surrounding illumination. 
Kinetic' offset stimulus has a smaller "isoptre" than onset stimulus and, the variation of ambient 
illumination has less effect on the visibility of offset stimulus.
The Oculokinetic Campimetry (OKC) with a constantly exposed offset stimulus was performed in 
366 glaucomatous eyes and 217 normal eyes. When a 1.5 mm stimulus was used, a true positive 
OKC result was obtained in 45% of eyes with relative scotomas and 81% of eyes with small 
absolute scotomas. A false positive result was obtained in 9% of patients aged 60-70 yrs and 13% 
of patients older than 70 yrs. When a 3 mm stimulus was used in the glaucomatous patients above 
the age of 60 yrs, the OKC test was positive in 33% of eyes with relative scotomas and 56% of 
eyes with small absolute scotomas while none of the control subjects produced a positive result. 
In 63% of the eyes, abnormal OKC results reflected smaller scotomas than those to the 
conventional visual field tests, suggesting underestimation of the topographical extent of the 
scotomas. Inside the absolute scotomas, constantly exposed offset stimulus was still detectable with 
19% - 67% frequency between 5°-13° eccentricity. The OKC method may be useful to reveal 
moderate to advanced glaucomatous field defects when conventional methods are not available.
Two hundred and seventy two eyes were tested with a OKC having a constantly exposed stimulus 
and either one or two of the fixation targets corresponding to the physiological blind spot. The 
second fixation target increased the blind spot detection rate from 65 % to 85 %. The performance 
of multi-fixation targets in OKC is low if the stimulus is exposed constantly.
The usefulness of automated static offset stimuli combined with a dynamic fixation target was 
investigated further, using Computer Assisted Moving Eye Campimeter (CAMEC). CAMEC is 
capable of presenting automated light offset stimuli of specified luminance contrast, size, duration 
and coordinates in reference to a dynamic fixation target on a cathode ray tube.
Thirty-two children, aged 4-10 years, were examined with the blind spot test programs of both 
CAMEC and the Dicon Auto-Perimeter. Among those who completed both tests the blind spot was 
detected in 75% by the static fixation of Dicon Auto-Perimeter and, 100% by the dynamic fixation 
of CAMEC. The mean CAMEC score (61.0%) was significantly higher than the mean Dicon Auto- 
Perimeter score (26.6%). Joystick controlled dynamic fixation method allowed detection and 
quantification of scotomas in patients more than 4 years of age.
One hundred and sixty nine eyes were examined with both single intensity high contrast (i.e. black) 
static offset stimuli of CAMEC and standard Goldmann Perimetry in a neuro-ophthalmology clinic. 
Conventional perimetry revealed a visual field abnormality in 75 patients, and the offset stimuli 
had detection rate of 90 % , with good or fair topographical correlation in 82 % and poor 
correlation in 18 % of eyes. CAMEC produced a normal result in 87 % of normal eyes, allowing 
accurate diagnostic visual field examination in neuro-ophthalmic practice. Among the elderly, the 
efficiency of dynamic fixation method of CAMEC decreases because of difficulties related to 
joystick use.
Twenty-five glaucomatous eyes were examined with the Humphrey Visual Field Analyser 
Thresholding Program 30-2 and CAMEC, using single intensity static offset stimuli at various 
contrast levels. Dark-on-bright stimuli allowed the delineation between glaucomatous field defects 
and the normal regions in the central visual field. Offset stimuli of lower contrast provided higher 
abnormal point detection rates. Furthermore, visual field defects to the low contrast offset stimuli 
were more extensive than those to the luminous stimuli. Lower stimulus contrasts and higher 
background luminance level required higher retinal sensitivity for the detection of dark-on-bright 
stimuli.
Detection thresholds to offset stimuli of Goldmann size III and IV were determined along the nasal 
horizontal meridian of the central visual fields of 5 normal subjects. Detection sensitivity
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diminished with increasing amounts of plus lens-induced refractive blur. The larger size 
decremental stimuli provided a wider dynamic range, less inter-individual variation in stimulus 
visibility and more resistance to refractive error than those obtained with the smaller size stimuli.
CAMEC with suprathreshold static light offset stimuli were used in mapping of the physiological 
blind spot in 10 healthy eyes. On repeat testing, an average topographical reproducibility rate of 
73 % was achieved in mapping of the blind spot as a model of small absolute scotoma, with an 
average of 1.4 degrees and 0.6 degrees variability in the vertical and horizontal dimensions of the 
blind spot respectively. Dynamic fixation provides as good fixation maintenance as conventional 
static fixation method.
Twenty-one primary open angle glaucoma (POAG) patients, 21 ocular hypertensive (OHT) patients 
and, 13 normal individuals were tested with full threshold test program 24-2 of the Humphrey 
Visual Field Analyser. The same eyes were also tested with threshold offset stimuli and dynamic 
fixation. Test locations with decreased sensitivity outside the 95% Cl were determined and global 
field indices of 'Mean Sensitivity', 'Mean Defect' and 'Loss Variance' were calculated for each eye. 
The offset stimuli had 95% sensitivity in the POAG group and 100% specificity in the control 
group. In the OHT group, offset stimuli indicated field abnormality in 57% - 62% of the eyes 
which tended to be the ones with higher risk of developing glaucoma. The topographical 
distribution of the field defects to light offset stimuli in the POAG and OHT groups was found 
to be of nerve fiber layer type and similar to that revealed by light onset stimuli in the POAG 
group, confirming that the abnormalities to offset stimuli indeed indicate optic nerve damage. 
Campimetry with offset stimulus and dynamic fixation had Positive Predictive value of 63% 
(20/32) and Negative Predictive value of 96% (22/23), against the conventional testing which, in 
turn, exhibited Postive Predictive value of 95% (20/21) and Negative Predictive value of 65% 
(22/34).
Although the clinical potential of light offset stimulus with conventional static fixation was not 
addressed by this research and remains to be investigated, the results from this work suggest that 
automated offset stimuli presented with dynamic fixation indicate normal and diseased visual fields 
in video-campimetry for screening and quantification of scotomas and also reveal visual field loss 
missed by the conventional onset stimulus.
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C.A.M.E.C. : Computer Assisted Moving Eye Campimeter
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M.S. : Mean Sensitivity
O.H.T. : Ocular Hyper-Tension
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P.O.A.G. : Primary Open Angle Glaucoma
R.D.V.F.L. : Risk of Developing Visual Field Loss
R.O.C. : Receiver Operating Characteristics
S.T.F. : Short Term Fluctuation
T.D. : Total Deviation
T.I. : Topographical Index
V.D.U. : Video Display Unit
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Glossary of Terms and Concepts:
adaptation: final stage of the process in which the visual system becomes adjusted to different level 
of light or colour than it was exposed to during an immediately preceding period.
ambient lighting: lighting throughout an area that produces general illumination.
brightness: scale of measurable qualities of being bright, brilliant, dim or dark; often used when 
referring to the percept of subjective magnitude of light sensation.
candela (nit): the International System (SI) unit of brightness intensity. One candela is one lumen 
per steradian.
central visual field: area of surroundings within 30 degrees from the object of visual fixation.
contrast: the manifestation of differences in brightness or colour between objects or areas in space.
contrast sensitivity: the ability to detect the presence of minimal brightness or colour differences 
between objects
dynamic fixation: maintenance of visual fixation on a moving target with simultaneous and
harmonious eye movements.
illuminance: the density of the luminous flux incident on a surface. It is measured in lumens per 
square meter (lm/m2) or lux. see lumen (1 lux = 0.0929 footcandle) .
illumination: the act of illuminating or state of being illuminated; often used for the term 
'illuminance'.
light: radiant energy that is capable of stimulating the retina and producing a visual sensation; the 
visible portion of the electromagnetic spectrum.
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lumen: light flux emitted within a unit solid angle (one steradian) by a point source having a 
uniform light intensity of one candela.
luminance: photometric brightness of objects or areas in specifying the stimulus for vision; the light 
intensity per unit area of a surface (by emittance or reflection) in a given direction, measured in 
candelas per meter square (cd/m2=nit). (1 cd/m2 = 10000 stilb= 0.318 apostilb = 3180 lambert = 
3.426 footlambert).
luminance threshold: the minimum perceptible difference in luminance for a given state of visual 
adaptation.
lux: see illuminance and lumen.
mesopic vision: vision with fully adapted eyes at lumiance conditions between those of photopic 
(cone mediated) and scotopic (rod mediated) vision, that is, between about 3.4 and 0.034 candelas 
per meter square.
negative contrast: brightness difference created by dim objects or areas on a lighter surface; dark- 
on-bright pattern.
offset stimulus: visual field test stimulus formed by the offset of a given area of light on a defined 
background; light decremental stimulus (also see ’negative contrast').
onset stimulus: visual field test stimulus created by the onset of a given area of light on a defined 
background; light incremental stimulus (also see 'positive contrast').
pixel: unit graphic area on a cathode ray tube.
positive contrast: brightness difference created by light objects or areas on a dimmer surface; 
bright-on-dark pattern.
Snellen acuity: visual acuity as determined from testing with optotypes designed by Herman
xxviii
Snellen in 1862.
static fixation: maintenance of visual fixation on a steady target with no eye movements, 
tangent screen: flat surface
threshold: the value of a variable of a physical stimulus that permits the stimulus to be perceived
a specific percentage of the time or at a specific accuracy level; perception accuracy 50% of the
time or the value of the stimulus variable that just permits the sensation.
visual acuity: the measure of the smallest resolvable spatial detail.
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Part 1. INTRODUCTION
Basic research is what I am doing when I do not know what I am doing.
[ W erner von Braun]
1.1. Visual Field and Its Measurement
1.1.1. Description of The Visual Field
The visual field is the amount of surroundings that is visible to the eye at any one time.
1.1.2. Perimetry and Campimetry
Perimetry is the measurement of the visual field. It involves recording of the visual 
function of the eye at topographically defined loci in the visual field. In conventional 
visual field testing, the ability to discern a stimulus which is just perceptibly brighter than 
the background (i.e., differential light detection sensitivity) is determined. Therefore, the 
presentation of the stimulus in the field of vision is achieved with the onset of a light of 
a given area and brightness. The term campimetry is used for the measurement of central 
visual field that is up to 30 degree eccentricity from fixation and on a tangent screen. 
The term perimetry, although used interchangeably with campimetry, is referred when the 
whole visual field including the area beyond the 30 degree eccentricity is examined. 
Evolution of visual field testing is summarized elsewhere li2.
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1.2. Basic Factors in Visual Field Measurement
Reliable and meaningful measurements of visual fields are possible by specifying the 
testing conditions and standardizing the methods for application of these conditions. 
A common framework for measurement of the field of vision, which is ensured through 
specifications, would allow exchange and comparison of information obtained at 
different times in different patients and in different places. The fundamental standards 
for conventional visual field testing are described in detail elsewhere3,4 and the 
following is a brief overview of the established standards therein unless further 
referencing is provided.
1.2.1. Fixation 
Static Fixation
The measurement of visual field is conducted in reference to the central gaze fixation 
point. Conventional perimetry is performed with a steady eye fixing at a steady target 
to maintain fixation during the test. In reference to the outside world, both the eye and 
the fixation target remain immobile since the visual field is described as the portion of 
the external environment of the observer wherein the steadily fixating eye can detect 
visual stimuli3. The accuracy of fixation has the key importance during the testing of 
the visual field as unstable fixation would increase the variability of measurements and 
shifted fixation would cause the displacement of the visual field defects on cartographic 
test results.
The human eye is not designed to be steady as evidenced by spontaneous continuous 
eye movements in a resting state. The background neuronal activity and the continuous 
interaction of balance between different gaze control systems such as saccadic, pursuit 
and cerebello-vestibular system interactions result in constant physiological involuntary
eye movements of small amplitude up to a few degrees 5'8. Therefore, it is 
unphysiological to maintain a still fixation during visual field testing. Clinical trials 
support that fact, as 25% of individuals could not maintain steady fixation at all and the 
rest may fixate only within an area of 3 to 6 degree diameter with intermittent fixation 
losses9,10. The situation becomes more pronounced with increase in the patient's age11 
and prolonged test durations, even if the subjects are well experienced in perimetry10. 
Visual field examination is often omitted in young children with ocular and neurological 
disease as conventional methods fail when young patients lose interest in the 
examination or are unable to keep their eye still throughout the procedure12. Despite 
these shortcomings, children are tested with adaptations of conventional oculo-static 
perimetry 13'24.
Monitoring of fixation is necessary during the test to ensure reliability of the results. 
Monitoring may be self-monitoring by the patient by paying attention to the 
disappearance of a target in the physiological blind s p o t25. The other methods are the 
observation of the eye by the practitioner directly as in Friedman Analyzer or indirectly 
using a telescope as in Goldmann, Tubingen perimeters, infrared scanning 26, stimulus 
presentations in the blind spot (Heijl-Krakau Method) 27 or electro-oculographic
O ftscanning .
Eye movements have also been exploited to register the detection of the stimuli in the 
visual field. In that form of eye movement perimetry, the patient is instructed to 
maintain a centrally located static fixation target and look towards the visual field test 
stimuli to signal their detection. The eye movements towards the stimulus are recorded 
either by a technician 28, by an infrared camera 29 or by recording the electro- 
oculographic potentials through an amplifying system 3031.
Dynamic (Moving Eye) Fixation
History or exploitation of eye movements in detection of visual field defects goes back
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to the discovery of physiological blind spots by M ariotte in 1666 L. Mariotte 
demonstrated his new discovery, physiological blind spot, to the King (of England and 
France), by asking the king to look at a sideways fixation point and showing that the 
head of another person, 20 feet away, became invisible. Nearly three centuries later the 
same method which involves the use of eye movements with a dynamic fixation target 
around a fixed stimulus to test various points in the visual field has been employed for 
the exploration of the central visual field in contemporary ophthalmology by Smith 25. 
It is possible to maintain a stable fixation while keeping the eye mobile simultaneously 
and in coordination with the fixation target. A practical analogy may be that one is 
standing still on a railroad carriage. The position of the standing person in reference 
to the carriage does not change regardless of whether or not the carriage is in motion. 
Stimuli of defined loci may be presented to the eye for testing purposes provided that 
the motion of the eye is under control and adjusted with the stimulus coordinates. As 
the visual sensitivity in the field of vision during slow (i.e., pursuit) eye movements is 
not suppressed in contrast to detection sensitivity loss during fast (i.e., saccadic) eye 
movements 32, it may be possible to keep the eye mobile to perform reliable sensitivity 
measurements. Although strict stability of the retinal image of the stimulus is not a 
requirement for optimum resolution and slow eye movements are admissible 333\  
bringing the eye to a complete stop just before the stimulus presentation would further 
prevent any sensitivity distortion which might be introduced by the eye movement.
The 'Oculo-Kinetic (Eye Movement) Perimetry' ('OKP') chart designed by Damato is 
based on the same principles3536 and also incorporates the black stimulus of Highman37. 
This simple and inexpensive method of examining the visual field is performed with a 
white tangent screen made of a piece of white paper or cardboard and having a central 
black test stimulus and a series of numbered fixation targets located peripherally at 
desired coordinates. When the patient looks at each number in turn from the correct 
distance, the stimulus is accurately positioned at known points in the visual field. 
Numbers associated with disappearance of the stimulus are recorded by crossing out the 
same numbers on a miniature version of the chart so that a plot of defects is obtained.
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At the end of the examination the record sheet is inverted so that the results are 
comparable with those obtained conventionally.
The computerized version of oculo-kinetic fixation method invented by Damato involves 
a randomly meandering fixation target on a video display unit (VDU), and the stimuli 
are presented in relation to the moving fixation target at preselected coordinates38. That 
computerized moving eye fixation method called Computer Assisted Moving Eye 
Campimeter (CAMEC) was intended originally for children only and involved 
intermittent appearance of multiple fixation targets on a video display unit (VDU) at 
selected locations39. Each fixation target consisted of a randomly meandering fixation 
spot and a circle which could be moved to track the fixation spot by the patient using 
a mouse. The stimuli were to be presented in relation to the moving fixation target at 
desired coordinates. The usefulness of the method was seriously hindered by the fact 
that the appearance of the fixation targets in defective field areas was not recognized 
by the patient. The system was basically a fixation monitoring software without any 
known, recognized, specified or calibrated stimuli and background38'40 (Williamson et 
al., unpublished paper submitted to 'Eye'). The CAMEC software was re-designed with 
code writing by M r Jim McGarvie and Dr Aled Evans and contributions by Drs 
Damato, Keating and the author during the progress of this work.
1.2.2. Luminance and Contrast
Adequately stable and calibrated light intensity values are the essential components of 
any visual field testing device. The brightness of the background and test stimuli need 
to be specified photometrically. In conventional perimetry, the stimulus and the 
background are defined by their luminance as specified by the manufacturer. Luminance 
(L) is the luminous flux emitted by a surface per unit solid angle per unit projected area. 
The international unit of luminance is the candela (cd)/m2 and other units are now 
regarded as obsolete. The conversion to other units can be made using the formulae
given in the Glossary. Illuminance is the amount of light per unit area falling on a 
surface from a distant source and represented with unit Lux.
Stimulus Luminance
The actual stimulus for visual excitation is the image on the retina and that is called the 
proximal stimulus. The strength of that stimulus is determined by the intensity of the 
distal stimulus (the image on the instrument) and pre-retinal factors such as pupil size 
and transparency of the cornea, lens and vitreous. The 'threshold' contrast is defined as 
the contrast level that will give a particular probability of detection of the stimuli. The 
amount of stimulus contrast required for its detection on a defined background is called 
the 'luminance difference threshold', also the 'differential light detection sensitivity'. 
Stimulus contrast for a small target on a large uniform background41 (such as a 
perimetric stimulus) is defined W eber's42 Luminance Contrast formula of C = Lt-Lb/Lb 
= AL/Lb where 'Lt' is the luminance of the test target and 'Lb' is the luminance of the 
background upon which the target is presented. The W eber fraction has been used 
widely in the visual literature and regarded as representative of perceptual effects of a 
stimulus43. The stimulus contrast may be positive or negative; that is, the target may 
have a higher luminance (brighter) than the background (positive contrast) or a lower 
luminance (darker) than the background (negative contrast). The above given Weber's 
formula is used to describe both positive and negative contrasts. The Michelson contrast 
formula44 of C=Lt-Lb/Lt+Lb, originally introduced to describe the visibility of 
interference fringes, is used for spatially43 or temporally41 periodic stimuli, alternating 
large areas of dark and bright patterns such as checker-board or grating patterns45.
Background Luminance
It is evident from the above described contrast formulae that the luminance of the 
background on which the stimulus is presented has a profound effect on the stimulus' 
contrast detection threshold. When the background adapting light intensity is low, very
little additional light (aL) must be added to reach threshold. As the background intensity 
increases, aL rises and the function of aL versus Lb over a broad range above threshold 
becomes a straight line. Because the line is straight, its slope is a constant (i.e. 
AL/Lb=constant)46. The constancy of this fraction is termed the "Weber-Fechner 
relation". The fraction remains constant over 3 logarithmic unit (i.e. 1000 times) 
background luminance change for cone function but, for routine office perimetry, it is 
recommended that a low photopic background luminance be chosen such that both rods 
and cones are functional while Lb still falls within a range over which the Weber's 
fraction remains constant. At and above a background level of 8 cd/m2 (with a 4 mm 
pupil diameter) little change occurs in contrast threshold. It is recommended that for 
routine clinical tests, the background levels should not be less than 10 cd/m2. This 
setting criterion is recommended because; a) This represents a so called mesopic level 
of adaptation at which both rods and cones contribute nearly equally to visual 
sensitivity46, b) it requires less sensitive calibration of equipment, c) it is less sensitive 
to modest fluctuations in light source output, d) the result is less dependent upon modest 
variations in eye pupil size, e) visual functions are tested at clearly defined photopic 
level, and f) fixation control is easier than at lower adaptation levels. It is necessary 
that the patient be adapted to the luminance of the background field for a few minutes 
before the start of the visual field test.
1.2.3. Detection and Response Behavior
There is no single level of stimulus contrast below which it will never be detected and 
above which it will always be detected. The probability of stimulus detection varies in 
a range between 0 to 100 percent. The probability of detection of a stimulus is increased 
with increase in contrast for a given size or, increase in size for a given contrast. 
Usually the threshold is the contrast level with the stimulus detection probability of 50 
percent. That means at this stimulus contrast level half of the stimulus presentations 
would be detected and half of them would be missed by the observer.
W hen a faint (i.e., low contrast) stimulus is presented to an observer, the contrast of 
the stimulus and the patient's willingness to say "yes" determine together whether the 
patient will detect it. The threshold level, for instance, would vary if the observer 
wanted to be sure about the presentation resulting in a higher threshold than that of a 
subject who is willing to say "yes" whenever they have the slightest idea that a target 
had been present. In addition to the patient's conscious willingness for detection of the 
stimulus, the patient's internal sensations contribute to the responses. Two main types 
of internal sensations occur either in the absence of the target or in the presence of the 
target, each encouraging the patient to respond for the contrary. During visual field 
testing, the observer should decide for each stimulus presentation whether or not the 
internal sensation is in agreement with a real life situation. Decision making is easiest 
when the stimulus is at its highest contrast and becomes more difficult with the decrease 
in contrast as the internal sensations start to conflict. Because of the time limitation for 
testing in the clinical environment, the threshold is defined as the average of the lowest 
contrast detected and the highest contrast missed during successive presentations of 
ascending staircase (increasing steps) or descending staircase (decreasing steps) of 
contrast.
The time required for an observer to signal the detection of visual stimulus is the 
reaction time and that changes as a function of the presentation coordinates in the visual 
field. The patients level of vigilance, psycho-motor state, dark adaptation, whether the 
stimulus is static or kinetic, the speed of the kinetic stimulus and the presence of visual 
field defect mutually determine the reaction time.
A signal or cue which are often auditory preceding a stimulus may influence the 
probability of a "yes" response because of conditioning. The visual field test should be 
performed in a room where unnecessary noise and distractions are avoided and lighting 
conditions are under complete control.
1.2.4. Other Stimulus Factors
In addition to stimulus luminance contrast, the other important stimulus variables which 
altogether determine the visibility of the stimulus against a uniform background at a 
given retinal locus are its size (area), the duration of the stimulus exposure, the 
coordinates of the stimulus in the field, the stimulus image sharpness on the retina, 
difference in chromaticity between the stimulus and background and the mode of 
stimulus presentation.
Size (Area)
The angular size of a presented stimulus at a given coordinate is calculated as the arc­
tangent of the ratio of stimulus diameter in millimeters to the test distance between the 
background and the pupil in millimeters. In conventional perimetry, the stimulus shape 
is circular. Thresholds determined with oval or rectangular stimuli differ negligibly from 
those determined with circular stimuli provided that the same surface area is maintained. 
In general, there is an inverse relationship between light detection threshold and the area 
of an incremental stimulus and the exact mathematical nature of the relationship is 
determined by the retinal locus, the duration of exposure and background luminance as 
well as the stimulus dimensions. The light incremental threshold-stimulus size 
relationship constitutes the spatial summation (Ricco's Law); that is ALxAk=critical value 
to reach threshold (i.e. constant). The 'A' equals the area of the stimulus and exponent 
'k' is referred to as the summation coefficient (the slope of the function) which equals 
one (ie, k = l) in Ricco's Law. One can estimate 'k' for a given part of the visual field 
measuring the contrast threshold for two targets that differ in area by a known amount. 
The successive targets of the Goldmann perimeter (for example size III versus IV) vary 
in area by a factor of four. Exponent 'k' can then be estimated by4: 
k = log AL^logAL! / logAr LogA2.
The 'k' is not constant and varies with the eccentricity in the field, background adapting 
luminance, stimulus duration, patient age and the presence of field abnormality. Thus,
Piper's Law refers to k=0.5 while Pieron's Law corresponds to k=0.33. Goldmann 
concluded that k=0.8 was a close approximation for different 'k' values at different 
eccentricities. Sloan's detailed experiments with Goldmann perimeter47 indicated 'k' 
coefficient values of 0.55 at the fovea and 0.9 at 45 degrees nasally under photopic 
conditions with augmentation of summation in dark adaptation as demonstrated by 
Fankhauser and Schmidt. A detailed review in English of the above non-English 
literature is available48. A recent study using Humphrey Visual Field Analyzer found 
mean k=0.5 at 10 degree, k=0.7 at 30 degree and k=0.8 at 50 degree eccentricity49.
Duration
The importance of stimulus duration is two-fold. Firstly, the stimulus should be 
presented for long enough to enable the completion of temporal (time-related) 
processing in the human visual system.
The visual system responds to the presentation of a stimulus according to its duration 
of exposure. The critical stimulus duration is the exposure period in which the visual 
response is built up and the temporal summation of the visual signal is completed. The 
frequency of detection of a stimulus in the field of vision increases with longer 
presentation times and reaches to a plateau in less than 0.1 seconds 4,50. The temporal 
processing can also be described as the eye-visual cortex transmission time and takes 
an average of 0.075 second for both light onset (positive contrast) and offset (negative 
contrast) stimuli with no statistically significant difference as determined by Visual 
Evoked Cortical Potential latency measurements 51. The temporal summation of the 
visual response also varies with several factors including the stimulus eccentricity in the 
field, the stimulus size, colour, background light intensity and presence of pathology in 
the field. For stimulus exposures shorter than the critical duration, aL (threshold 
intensity) x T (duration of exposure) = constant (Bloch's Law). For exposures longer 
than 0.5 seconds, aL = constant, indicating no effect of duration on detectability of the 
stimulus 48.
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Broca-Sulzer effect produces the seeming paradox of a short flash appearing 
subjectively brighter then a longer flash of the same luminance.
Secondly, longer stimulus durations encourage the patient to look away from the 
fixation target, resulting in fixation losses and false positive responses (stimulus seen 
when not supposed to be seen). If the duration of exposures exceeds the latency for fast 
(i.e. saccadic) eye movements which is on average 0.3 seconds, there may be a tendency 
for some individuals to give up the fixation to look at the peripheral stimulus 48. The 
stimulus duration values of 0.2-0.4 seconds are generally acceptable.
If the stimulus is moved in case of kinetic perimetry, the rate of movement should be 
kept sufficiently low and stable to enable completion of temporal summation. There is 
not a strict definition of the ideal rate of speed for stimulus movement in kinetic 
perimetry. The stimulus may be moved from non-seeing to seeing as preferred in routine 
clinical testing. The opposite, which is the movement from seeing to non-seeing may 
also be used to fit specific needs.
Coordinates
The angular position of a stimulus in the visual field is specified relative to the centre 
of the entrance pupil of the eye in the primary line of sight. The entrance pupil is the 
image of the centre of the iris aperture as seen through the cornea. The primary line 
of sight connects the point of fixation and the centre of the pupil. In the specified 
coordinates of stimulus presentation in the field of vision, the zero degree half-meridian 
is defined as the horizontal line to the right of the fixation point of the patient and 
should be located at the same height as the interpupillary line. The half-meridian angle 
is then measured counter-clockwise relative to the zero-degree meridian. The 180 degree 
half-meridian is to the patient's left. The eccentricity of the stimulus is represented with 
degrees which is the arctangent of the ratio of the distance between the centre of the 
fixation target and the stimulus to the test distance between the eye and fixation target.
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Focus
The blur of the retinal image of the test stimulus results in change in both its perceived 
size and its contrast. The most frequent causes for stimulus blur are uncorrected 
refractive error and the opacities of optical media of the eye such as corneal, lenticular 
or vitreal opacification. To perform reliable visual sensitivity evaluation, blur of the 
retinal image must be minimized with proper refractive correction for the test distance, 
especially for small test stimulus sizes. As refractive error diminishes detection 
sensitivity mostly within the central visual field, appropriate refractive correction for 
the test distance is mandatory for campimetry. Beyond 30 degree eccentricity from the 
fovea, no significant effect of target blur on detection exists in conventional 
perimetry47,52 although motion detection is suppressed by refractive error as far as 80 
degrees in the peripheral visual field53,54.
Colour
It is desirable that the stimulus and background wave-length composition (spectrum or 
colour) should be specified along with their luminance since even white light sources 
may have different spectral compositions and the thresholds would be different to 
different colours. The exact definition of the wave-length of the stimulus light is more 
important when colour fields are measured.
Mode o f Presentation
The vast majority of clinically used conventional equipment present a single stimulus 
at a time. A few portable and semi-automated tangent screen campimeters operating 
with multiple stimuli such as Herrington-Flock Screener55, Friedman56 and Henson 
Analyzers57 have been described. The subtle differences between response properties to 
single and multiple static stimuli are discussed in detail elsewhere58.
12
1.2.5. Other Observer Factors
Patient Experience and Fatigue
A high number of abnormal points may occur in the periphery of the field during the 
first visual field test of an inexperienced normal person, especially when static threshold 
method is used. These false abnormal points tend to improve with repeated testing as 
the patient develops experience59. Similar defective test locations may occur in mid­
periphery of the visual fields of ocular hypertensives and with increased experience, the 
number of depressed points, the total defect and the intra-test variability decrease60. In 
glaucoma patients with previous experience in kinetic perimetry, repeat threshold static 
perimetry does not display any further training or experience effect61.
The field results tend to deteriorate with continuous testing for longer than a few 
minutes as a result of patient fatigue and the fatigue effect becomes more obvious 
during the testing of the second eye leading to less gain from experience62,63.
Pupil Size
The luminance (measured at the centre of the entrance pupil of the eye) and the pupil 
area provides an estimate of retinal illuminance. The retinal illuminance (in Trolands) 
is the stimulus luminance (cd/m2) multiplied by pupillary area (mm2). With smaller pupil 
sizes, the retinal representation of the stimulus becomes weaker. Pupil size changes also 
alter the level of retinal light adaptation. With large pupil size the directional sensitivity 
of the retina changes as the far peripheral pupillary zones are less effective in 
stimulating a response than the central pupillary area in the normal individual at 
photopic levels (the Stiles-Crawford effect). This factor is generally overlooked in 
clinical work. As it is impractical to control pupil size or define retinal illuminance for 
each eye tested in routine practice, only the stimulus luminance is mentioned. Pupil size 
alters the retinal adaptation state by changing retinal illuminance. The use of
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cycloplegics and miotics may alter retinal adaptation levels by nearly 2 logarithmic units 
(i.e., 100 times) through pupil diameter changes64. Additionally, peripheral ocular 
aberrations become more pronounced with dilated pupil causing visual blur and an 
apparent reduction in the visual field. Miotic agent induced pupil constriction also 
results in stimulus blur due to increased accommodation. Pupil sizes of 3 mm to 6 mm 
are regarded as the normal range with no detrimental effect on the stimulus detection.
Troxler's Phenomenon (Neurogenic fa st local light adaptation)
A non-moving stimulus stabilized on the retina will fade and disappear after a few 
seconds if  the fixation is maintained very still. In the peripheral field, the disappearance 
of the stimulus takes place even if the fixation is not steady. Blinking, periodical 
stimulus presentation and slight eye movements return the stimulus to detection. 
Troxler's phenomenon is considered independent of photochemical mechanism and the 
site of origin is probably at lateral geniculate nucleus65.
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1.3. Clinical Testing of Visual Field
The goal of conventional clinical visual field testing is to measure detection sensitivity 
to a white light onset stimulus in different regions of the field at low photopic 
background luminance levels with an attempt to identify normal and abnormal 
('scotomatous') areas showing sensitivity loss. Two general techniques for visual field 
assessment are manual kinetic and automated static perimetry.
1.3.1. Isoptre and Scotoma
The highest sensitivity is normally found in the fovea which is the centre of the visual 
field and sensitivity progressively decreases towards the periphery. The test locations 
in the visual field that have the same sensitivity for a stimulus of fixed size, contrast 
and exposure duration on a fixed background brightness is named an "isoptre". A 
topographic map of the visual field may be obtained with a series of isoptres formed 
by lines or grey tones, each representing a particular level of contrast sensitivity.
A "relative scotoma" is a partial visual deficit in a given isoptre area of visual field in 
which sensitivity decreased (contrast threshold is elevated) beyond normal variation. 
Nonetheless, maximum intensity or maximum size stimulus is still detectable in a 
relative scotoma. An "absolute scotoma" implies total loss of vision in a given field area 
in which the maximum stimulus contrast (the largest or most intense stimulus available) 
is not detected inside an isoptre.
1.3.2. Kinetic Perimetry
In manual kinetic perimetry, a stimulus of fixed size and contrast on a defined 
background is moved from non-seeing to seeing or vice versa until the appearance or
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disappearance of the stimulus is detected by the patient. This procedure is repeated 
along several meridians. The lines connecting all the detection and disappearance loci 
defines the isoptres and field abnormalities to that particular stimulus-background 
combination. A number of isoptres may be determined and the quantification of the 
visual field defect may be achieved by altering the stimulus intensity and/or size. 
Kinetic perimetry enables more speedy field examination, but sometimes lacks reliability 
because of its dependence on patient's reaction time and the speed of target movement. 
In kinetic perimetry, the stimulus is continuously exposed and the motion of the 
stimulus also contributes to its detection (Riddoch Phenomenon).
1.3.3. Static Perimetry
If visual field testing is performed with non-moving stimuli, the technique is "static"66. 
Static stimuli can be presented at selected locations to perform spot checks inside the 
isoptres in combination with manual kinetic testing with Goldmann or Tubingen 
perimeters. The ascending method which presents increasing intensity stimuli until 
detection is the preferred one in manual static perimetry. Purely static examination with 
manual perimetry is time-consuming and used in a limited scale. During 1970s, static 
perimetry became computerized with the work of Lynn and Tate67 and gained a rapid 
acceptance in the form of Octopus68 and Competer69 Perimeters. Automated (computer- 
assisted) static perimetry which involves presentations of non-moving stimuli at selected 
locations briefly under computer control is the more scientifically rigorous, although 
manual kinetic perimetry has its advantages in certain situations. The latest design of 
a series of different types of computerized static perimeters is Humphrey Visual Field 
Analyzer70 which is now the most widely used automated perimeter.
In automated static perimetry the stimulus is kept fixed in size and retinal location, and 
it is presented for a controlled exposure duration in the visual field. The test sequence 
follows a staircase procedure to estimate the threshold. The contrast of the stimulus is
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either increased (ascending) or decreased (descending) by the computer until the 
stimulus is detected or missed by the observer. After the reversal of patient responses 
occurred, stimulus intensity may be altered in opposite direction with smaller steps. The 
staircase procedure in current practice terminates after crossing the threshold once or 
twice and that design is considered closest to ideal71. It is customary to define the 
stimulus intensity of a computerized perimeter and the determined threshold results in 
decibel (dB) units. The brightest stimuli have the intensity of 0 dB and increasing 
sensitivity (the ability to see dimmer stimuli) is denoted by higher dB values. The 
stimulus contrast may be changed as little as one decibel (i.e., 0.1 log-unit steps) with 
each presentation after the determination of contrast at a selected locus. The stimulus 
is moved to a different retinal position randomly after each presentation during the 
threshold measurement procedure with staircase method.
A series of contrast threshold determinations may be performed in the overall field to 
obtain the 'hill of vision' or along a selected meridian to represent a sensitivity profile 
across the visual field. The random order of stimuli presentations across the field of 
vision and accurate registry of patient responses without the need for a perimetrist 
facilitated the examination substantially by decreasing the test time and eliminating the 
operator variability. As the goal of clinical perimetry is to assess detection sensitivity 
in the visual field, automated static perimetry comes closest to a rigorous definition of 
sensitivity.
Before commencing a computer-assisted static visual field measurement, the following 
instructions should be given: "Watch the fixation target at all times without looking 
around to see the stimuli. Push the button as soon as you think that you see a spot in 
the side vision. If you are not sure, but if you think that you saw a spot, press the 
button anyway. Do not push the button if you don't think that there is a spot. Don't 
worry if you think that you don't see spots for a while, this is normal. You may blink 
normally during the test. Please do not talk during the test. But, if you feel 
uncomfortable or need some rest or if you lose concentration, ask for a break."
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In computerized supra-thresh old static perimetry, stimuli stronger than the expected 
threshold values are presented at each test location. If the first stimulus intensity is 
detected, no further presentations are made at this location. This method is used for 
screening for abnormalities without any quantification, saving time at the cost of 
reduced information.
1.3.4. Representation of the test results (Cartography!
Graphic Display
In manual kinetic perimetry, stimulus locations where the detection occurred are 
outlined with a pen by the examiner to identify isoptres to particular stimulus settings 
at the end of the examination. Similarly, in manual static visual field testing with 
Friedman Analyzer, stimulus detection is recorded manually with symbols.
Grey Scale (Symbols) Display
The most common visual graphic representation of the automated visual field test results 
is the grey scale plot. The sensitivity values obtained from the examination are assigned 
different sized or shaded symbols on the printout of the test result. Generally, the larger 
or darker the symbol, the lower the sensitivity. The symbols may appear only at the 
tested locations or, the spaces between the tested locations are also interpolated such 
that the visual field appears in various shades of grey as the periphery of visual field 
has lower sensitivity than the centre. The grey scale plot, therefore, becomes darker 
towards the periphery of the field.
Numeric Display
That simply reflects the dB threshold values at tested locations on automated perimeters
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such as Humphrey VFA. The determination of depressed numeric threshold values in 
a given test result may be achieved by comparing the each threshold value to the 
surrounding locations72'74. Comparison of threshold values between the mirror image test 
locations in both eyes of the same individual75 or across the horizontal76"78 and vertical79 
meridian o f each field also identifies sensitivity loss. A few test points with significantly 
reduced sensitivity may occur easily by chance alone. Such false-abnormalities are, 
however, scattered randomly in the field as they occur independently. Clusters of 
depressed points of two or more are regarded as true defects80.
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1.4. Visual Field Test Instrumentation
1.4.1. Bjerrum Scre&n Campimeter
A white or colored disc at the end of a wand is presented against a black or grey cloth 
background. A self-luminant stimulus is also described for the same technique81. The 
stimulus contrast is determined by the reflectance of the disc and the background. 
Because contrast is fixed, the size of the target must be varied in order to change 
stimulus detectability. Isoptres measured with the Bjerrum screen are for the stimuli of 
different angular size but o f constant contrast. In contrast, the projection perimetry such 
as Goldmann uses targets of different contrast but constant angular size. The Bjerrum 
screen is usually illuminated by a light source from above and that results in lower 
screen luminance at the bottom than that at the top, and that induces different levels of 
retinal adaptive state in different parts of the visual field. Subsequently the visibility of 
the same size and contrast stimulus may be different at the top or bottom of the screen. 
A way of getting around this problem is keeping the stimulus fixed on the screen and 
having the eye fixed at the end of a wand25. By moving the wand and the eye in 
different directions, the visibility of the stimulus may be measured.
1.4.2. Goldmann Perimeter
This device has a hemispheric bowl background which has a radius of 30 cm and which 
is set at a luminance of 10 cd/m2. Six different sizes of stimuli varying from 1/16 mm2 
(i.e. Size 0) to 64 mm2 (i.e. Size V) may be presented on the background through a 
projection system. The stimulus sizes are arranged in a way that each stimulus is of 
four times the area of the previous one. Through different filter settings the brightness 
of each stimulus may be varied with 0.5 log-units (filters 1 to 4). Further 0.1 log-units 
steps are achieved with additional five steps of filters (i.e., a,b,c,d,e). The maximum
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stimulus intensities obtained with filter settings for 'e' (that is, 318.3 cd/m2 or 1,000 
apostilb). Filter combination '1-a' has the lowest luminance, measuring 13 apostilb. In 
addition to kinetic presentation, static spot checks may be performed in desired locations 
within any isoptre using a shutter mechanism. A telescope is used to monitor eye 
movements.
1.4.3. Tubingen (Harms-AulhoirO Perimeter
This device is similar to but more versatile than the Goldmann perimeter and comes 
with a hemisphere of 33 cm. radius. The background intensity may be varied from 
3.183 to 3.183 x 10'6 cd/m2 in 5 log-unit steps. The stimuli may be presented in 
circular or rectangular shape, ranging in diameter from 7 to 114 minutes. The 
luminance of the test stimuli may be varied from 318.3 to 3.183 x 10‘8 cd/m2 in 0.1 log- 
unit steps. A precise shutter allows exposure durations of 0.1 second or more. Both 
kinetic isoptre plotting and static spot checks can be performed. Fixation monitoring 
is provided by a technician, using a telescopic viewer.
1.4.4. Friedman Visual Field Analyzer
The Friedman Analyzer consists of a strobe light that flashes for about 0.5 msec, and 
evenly illuminates a translucent screen (a diffuser). The diffuser is used as the test 
surface and the light emitted by the strobe light forms multiple stimuli on that screen. 
A pair of opaque black plates with 98 holes sits in front of the screen as the patient sees 
it. An underlying rotary plate with holes on it can be placed in 31 positions (A to Z) 
with a lever. The superimposing holes on two overlying plates form groups of stimuli 
of 2 to 4 every time the strobe is flashed. The holes are larger towards the edge of the 
plate and smaller near fixation. The size gradient is adjusted for the hill of vision so 
that when a given stimulus intensity is determined to be at suprathreshold for a certain
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amount at one location, the other locations would be equally suprathreshold. The 
intensity of the flashes can be attenuated from the maximum intensity of 1000 apostilbs 
by filters in two decibels (0.2 log-unit steps). An external light source illuminates the 
front plate surface and presents the background illumination. The Friedman Mark-II 
table-top instrument offers two strategies for examining the inner 25 degrees of the 
visual field: a standard program of 60 points in 18 patterns, and an extended program 
of 98 points in 31 patterns, each pattern formed by a set of stimuli of 2 to 4. The 
protocol for the standard test program sets the initial brightness level of simultaneous 
patterns of 2, 3 or 4 points to coincide with the patient's age-expected-level; generally 
as 0.2 log-units above the age-normative threshold value. Any missed points are retested 
at increased luminance obtained by reducing the amount of neutral density filter in 
increments of 0.2 log-units until a positive response (that is, detection) is achieved. 
Thus, it is possible to quantify the detection sensitivity at each test location as normal 
or either a relative or absolute defect. The principles of Friedman Analyzer combined 
with semi-automation were made available in Henson Analyzer.
1.4.5. P icon Auto-Perimeter
Dicon Automated Perimeter uses light emitting diode (LED) stimuli which produce 
yellow-green light with a peak wave-length emission of 570 nm. The Dicon AP 3000 
Perimeter has 512 LEDs distributed on a hemispheric bowl of 33 cm radius. The 
background intensity may be set to 0, 10, 31.5 or 45 apostilbs (asb.) by the user. LED 
stimulus size is equivalent to Goldmann I target (i.e, 0.25 mm2). The actual brightness 
of each LED may go to a maximum of 10 000 asb. and may be reduced to 1 000 asb. 
with a diffuser mounted in front of LEDs. The device may perform suprathreshold or 
threshold related screening as well as full thresholding. The results may be printed in 
numeric and grey-scale plots as well as meridional profiles. The Dicon AP 3000 has 
379 of the LEDs within the central 30 degrees with 2.5 degrees separations. A video­
fixation monitor, dual disc drives, CRT user screen, a touch-light pen and thermal dot­
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matrix printer are standard equipment. Fixation monitoring is achieved with intermittent 
blind spot checks (Heijl-Krakau method) under software control in the Dicon Perimeter. 
At the beginning of a test, 21 closely spaced points centred at the normal location of 
the physiological blind spot are tested. The computer locates the centre of the blind 
spot defined by the missed points. In the normal mode of operation of the monitor 
during field testing, a stimulus is presented at the centre of the blind spot every 7-10 
seconds. If the patient responds to that stimulus a fixation loss is recorded. The 
number of fixation losses serves as an index of fixation quality.
1.4.6. The Octopus Perimeter
A number of perimeters have been marketed as part of the 'Octopus' family. They are 
hemispheric (i.e., bowl) perimeters presenting the light stimulus with a projection system 
in standard Goldmann stimulus sizes, providing a number of suprathreshold and 
threshold strategies and various test grids. Fixation monitoring is achieved with an infra­
red camera which synchronizes the stimulus presentations according to the maintenance 
of fixation. In general, the Octopus perimeter is the European counterpart of the 
Humphrey Visual Field Analyzer (VFA). The Octopus perimeter comes with a statistical 
interpretation software, the 'Octo-soft Program'. The full details of the Octopus system 
are available elsewhere 73’82-84.
1.4.7. The Humphrey Visual Field Analyzer
The Humphrey VFA is a computerized automatic projection perimeter, capable of 
producing Goldmann standard sizes of test stimuli and 1 dB precision in stimulus 
brightness levels. The decibel (dB) notation indicates filtering in stimulus brightness. 
For instance, 0 dB means no attenuation in stimulus brightness and the maximum 
intensity of 10 000 apostilb whereas 10 dB and 20 dB indicate 10 and 100 times
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decrease in stimulus brightness (i.e. down to 1000 and 100 apostilb) respectively. A 
hemispherical bowl background, a customized built-in computer, user CRT monitor 
fitted with a light pen and a printer are housed in a single cabinet. Among a range of 
different models, the most developed one includes hard and floppy disc drives, a video­
monitor for fixation check and a cartridge backup. Test commands are chosen from a 
series of menus that appear on the CRT monitor. Full details of the setting and 
operation of the Humphrey VFA are described in the manual that accompanies the 
device85. Humphrey test software enables both full thresholding and suprathreshold 
screening tests.
Threshold Strategies
They are designed to quantify the visual threshold at every test location in the test 
pattern. In addition to the standard 'Full Threshold' mode, other methods such as the 
'Full Threshold from Prior Data' and 'Fast Threshold' strategies are available. The latter 
two save time as they use the previous test results of the patient as the baseline, but in 
turn do not allow statistical evaluation with the interpretation software 'STATPAC' or 
'FASTPAC'. Among a number of full threshold test grids available, the most frequently 
used ones are 30-2 and 24-2 programs which test 76 or 54 test locations with 6 degree 
resolution in the central 30 degree and 24 degree visual field respectively. The test 
grids which provide 6-degree resolution between the test locations of these two 
programs avoid vertical and horizontal meridians allowing better assessment of the 
correspondence of detected scotomas to those meridians in neuro-ophthalmology and 
glaucoma.
Suprathreshold Strategies
Several screening test grids are available for the central field, involving 40 to 166 test 
points and also for peripheral field and full field. Four screening strategies available are 
single intensity, threshold related, three-zone and quantify-defects programs.
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Single intensity screening strategy: A particular stimulus is chosen and the visual field 
is screened with that stimulus. The default stimulus intensity is 24 decibels and can be 
altered. The limitation of this program is that when a single target intensity is used to 
screen the entire visual field it will be markedly suprathreshold near the centre, but may 
be close to threshold or even infrathreshold near the periphery. Shallow relative defects 
may therefore be missed near the centre, while normal points may be screened as 
abnormal near the periphery.
Threshold related screening strategy: The threshold is actually determined at four points 
around the fixation in the visual field before the screening portion of the test is begun. 
Using the threshold values obtained in each quadrant, the computer automatically 
constructs a theoretical hill of vision and estimates the expected threshold at each test 
location in the screening test pattern. The screening test stimuli are presented as six 
decibels brighter than the estimated thresholds in the rest of the visual field. Any defect 
deeper than six decibels should therefore be detected.
Three-zone strategy: Defects detected with the 6 dB suprathreshold target is retested 
with a very bright or maximal luminance stimulus of 10,000 Asb (i.e., zero decibel). 
This allows the screening test to distinguish relative and absolute scotomas.
Quantify-Defects strategy: In that program the actual threshold is measured at any point 
found to be abnormal on screening with the six decibel suprathreshold target. The main 
purpose of screening visual field examination programs of Humphrey VFA are to 
establish the presence or absence of a visual field defect and indicate the boundaries of 
the scotomas. They are particularly useful among those patients who have not had 
previous visual field examinations. They are not suitable for quantification of field 
defects or careful follow-up of patients to determine the progression of the disease or 
the effectiveness of the treatment. Central 76 point screening grid is identical to that of 
threshold program 30-2.
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1.5. Automated Visual Field Interpretation
1.5.1. Reliability Indices fCatch - Trials)
Fixation Losses
The frequency of fixation losses is used to assess the patient's cooperation for steady 
fixation during the test. In the Humphrey visual field analyzer, the ratio of number of 
fixation losses to the total number of stimulus presentations in the physiological 
blindspot is recorded. M ore than 20% fixation losses is regarded as a sign of low patient 
cooperation. During the first threshold test, 45% of glaucomatous and 30% of the 
normal subjects produce unreliable results because of difficulty in maintaining a 
stationary fixation as well as too many false negative responses in glaucoma cases86. 
Among ocular hypertensives, low test reliability mainly due to fixation instability was 
found in 35% of cases on initial testing, decreasing to 25% with experience87. In several 
repeat testing, 4% of normals and 8-9% of ocular hypertensive and glaucoma patients 
consistently fail to produce reliable results with lack of reliability being almost 
exclusively due to fixation losses87,88. Although lack of accurate fixation does not cause 
false field defects in normal eyes, they lead to underestimation of the existing defects 
in glaucomatous eyes89.
False-Positive Responses
The number of occasions in which the response button is pressed without a stimulus 
being presented represents the patient's over-willingness to see in the field of vision. If 
the number of false positives are greater than 33% of attempts, the result is unreliable. 
High number of false positive responses causes underestimation of existing field defects.
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False-Negative Responses
Occasionally, an easily detectable (too bright stimulus) is presented and the patient is 
expected to press the button. The number of 'no' responses to such bright stimuli should 
normally be less than 33% of the total attempts to qualify as a reliable result. 
Abnormally high numbers of false negatives indicate the patient's lack of attention to 
the stimulus presentations during the test. High false negative rates lead to apparently 
abnormal fields in normal subjects and overestimate the existing glaucomatous field 
defects for about 9 dBs 89.
Factors such as age, pupil diameter and visual acuity do not influence the reliability
Q /r
parameters .
1.5.2. Normal Reference Field
The sensitivity in the visual field decreases with eccentricity and age90,91. The detection 
sensitivity to static light stimuli declines for 0.14 - 0.26 dB with each degree of 
eccentricity. An average of 0.5-0.6 dB depression in sensitivity occurs within the central 
visual fields in each decade of life. The linear decline in detection sensitivity to light 
with increasing age at all test locations17,92’93 make it necessary to define the limits of 
normal for test locations to enable comparisons between the results from same or 
different individuals.
According to LeBlanc, a sensitivity depression of 5 dB or more in reference to age- 
expected normal sensitivity at any given test location is abnormal75. That, however, was 
based on the assumption that the threshold variability with age or between the 
individuals had a normal distribution at each test point and the variability was constant 
with a uniform standard deviation of 2.4 dB94. Heijl and co-workers found that the 
threshold values did not have a normal distribution at any test point and the variability
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in threshold was not constant at different locations95. In other words, what is normal in 
one test location may be significantly abnormal in another. The significance limits (i.e. 
confidence intervals) should, therefore, be defined at each test location individually.
The significance of the differences between the measured and age-expected threshold 
values96 at different test locations are represented in empiric probability maps95,97 and 
deviation maps96. Such maps are easier and more accurate to interpret than the grey and 
numeric scale maps.
1.5.3. Global Visual Field Indices
The statistical software packages, OCTOSOFT and STATPAC, incorporated in Octopus 
and Humphrey Visual Field Analyzers respectively, perform comparisons between the 
individual test results and age-expected normal visual field threshold values stored in 
the computer data-bank. They facilitate the recognition and analysis of the defects on 
a single visual field test by calculating the global visual field indices and statistical 
significance of sensitivity deviations (i.e., 'Probability Maps'). A series of repeat tests 
can be processed and compared by this software package also.
A more recently designed statistical software package, FASTPAC, of Humphrey VFA 
serves to the same purposes. The difference between STATPAC and FASTPAC is 
simply the method of threshold determination at test locations. The decibel values used 
in STATPAC are obtained with double crossing of the threshold with ascending and 
descending steps in the stimulus brightness with 4 dB and 2 dB steps respectively as 
opposed to FASTPAC results which represent threshold crossing only once with 3 
decibel steps98.
Global visual field indices are intended to summarize clinically im portant features in the 
visual field by using conventional statistical methods such as means and standard
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deviations. The calculation of the global field indices is possible only when the age 
expected normal threshold values are known for each of the individual test locations in 
different age groups.
Mean Sensitivity (MS)
The MS reflects the mean of the decibel threshold values measured at all test locations, 
m
X xj
MS = i= l___
m
( Xj= measured sensitivity of test location i; m=number of test locations tested, 52 for 
the test grid employed in the study).
That index is sensitive to a diffuse change in the visual field and insensitive to small 
localized changes. It is also affected by media opacities, refractive errors and small 
pupil size. Since it is not corrected for age, the mean sensitivity should decrease with 
age in all individuals.
Mean Defect
The mean of the differences between the measured and age expected threshold values 
represent the total damage and named 'Mean Defect', 
m
L  (Z | -  X j)
MD = M l_________
m
( z~  age expected sensitivity of test location i)
MD was introduced by Flammer 99 and is mostly influenced by diffuse damage and also 
by pre-retinal factors such as pupil size, refractive error, and media opacity. It is not 
sensitive to small localized areas of field loss55. Unlike the 'Mean Sensitivity', 'Mean
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Defect' should not increase with age in a normal individual. 'Mean Deviation' is the 
reciprocal of 'Mean Defect' in the Humphrey VFA.
Loss Variance (LV)
The 'Loss Variance' is an index of irregularity in the shape of the hill of vision. It is 
intended to be sensitive to localized damage in the field of vision100. The square root 
of the LV is used in the Humphrey VFA and is named 'Pattern Standard Deviation' 
(PSD). LV is calculated by: 
m
n r  (xj + MD - Z;)2
LV = J=1________________
m-1
Short Term Fluctuation (STF)
This index reflects the variability in the individual threshold values with repeated testing 
during the test (i.e. intra-test and intra-individual variability). Ten randomly selected 
stimulus locations were measured twice during the test session and the average 
variability in the repeat threshold values obtained from both locations is first calculated. 
The square-root of the mean variance of all tested locations is taken as the short term 
fluctuation.
The STF may be 3 dB in a single threshold determination and is reduced to 2 dB as a 
result of two subsequent determinations 101-102. STF less than 2 dB is normal. When the 
short term fluctuation is higher, it may represent low level of patient cooperation and 
vigilance, especially in the presence of other abnormal reliability indices. When the 
other reliability indices are within normal limits, a high STF may be the first sign of 
visual field disturbance, such as in glaucoma 103'104. Therefore, STF is also a global field 
index (see below). Patient fatigue may also increase the STF.
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The variability of the threshold results from the same individual on different test 
occasions (Inter-test variability) is 'Long Term Fluctuation (LTF)'. LTF seems to be 
dependent of the presence of visual field abnormalities and is greater in patients with 
deteriorating fields, although it is unrelated to age or eccentricity 105. Long term 
fluctuation remains one of the major challenges in automated threshold visual field 
testing.
Corrected Loss Variance (CLV)
The 'corrected loss variance' is the 'loss variance' adjusted for 'short term fluctuation'. 
It is derived by:
CLV = LV - STF2
CLV is analogous to the 'corrected pattern standard deviation (CPSD)' index in 
Humphrey VFA. CLV provides a more accurate estimate of localized damage since both 
STF and/or localized damage can cause an elevated Loss Variance. The CLV filters out 
the intra-test variability component and leaves the true localized defect in the visual 
field.
The calculation of global field indices are performed in the same way in STATPAC and 
FASTPAC .
1.5.4. Empiric Probability Maps
It is impossible to define the minimum normal threshold with a single decibel value for 
all test points. It is therefore necessary to determine the significance limits for threshold 
deviations for each individual test point location. As a result these significance limits 
were implemented in graphical display of probability maps showing the statistical
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significance of deviations obtained at the individual test locations in a patient. 
STATPAC of the Humphrey VFA calculates and prints out 'Total Deviation' and 'Pattern 
Deviation' empiric probability maps to assist interpretation.
The 'Total Deviation' Probability Map
For each individual point of C30-2 grid except those two in the blind spot (.ie. 74 
locations):
i) the difference between the observed and age expected dB threshold is calculated,
ii) the deviation is compared to the confidence limits which are empirically determined 
and stored in the data-bank of the computer,
iii) the highest significance reached, p<5%, p<2%, p< l%  and p<0.5%, is determined,
iv) a symbol is plotted at the corresponding location for the highest significance p value. 
The total deviation in an individual test point is the sum of the deviation caused by 
diffuse (generalized, homogenous) reduction in sensitivity plus localized reduction in 
sensitivity.
The 'Pattern Deviation' Probability Map
To filter out the diffuse loss component and reflect localized 'pattern' loss only, it is 
assumed that the most sensitive points in the field are outside any existing localized 
defects. Therefore:
i) The differences between the observed and age-expected threshold values are ordered 
from the most negative (lowest sensitivity) to the most positive (highest sensitivity) 
excluding the test points in the outermost ring of the test grid (C30-2) and the one 
below the physiological blind spot,
ii) The 85th percentile lower limit of the deviations from all 51 test location is 
determined and considered as the estimate of the diffuse component,
iii) The diffuse component is subtracted from each of the individual differences between 
the observed and age-expected thresholds. The final numeric value is the dB pattern
32
deviation at each test point.
iv) The significance (p value) reached by each of these differences is displayed with a 
symbol on the 'Pattern Deviation' map.
Thus, the 'Pattern Deviation' map shows only the localized component of the field loss.
The empiric probability maps indicate even the most shallow significant deviation from 
normal and also help categorize the abnormal points according the depth and statistical 
significance of the defects. Test point significance on an empiric probability map 
indicates only how often a particular threshold value occurs in the normal population. 
Its significance level does not mean that the chances of a given amount of deviation 
being normal. The probability maps are accepted as aid for clinical interpretation 106"108 
and have also been used for research 109~1U,
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1.6. Video Display Unit (VDU) and Video-Campimetry
1.6.1. Cathode Ray Tube (CRT)
One way of presenting visual field test stimuli is to use a cathode ray tube (CRT) and 
its screen as the background. In a color CRT, three beams of electrons are emitted from 
the cathode guns, formed into a beam (cathode ray) by the anodes, and accelerated 
towards the front surface of the tube (Figure 1). The intensity and direction of the beam 
may be varied by magnetic coils. The phosphor material covering the inner layer of the 
front surface of the CRT transforms the kinetic energy of the electrons forming the 
cathode rays into red, green and blue light and a pattern or an image. Variation in the 
intensity of each beam results in different colour hue combinations. Different white light 
intensity levels can also be obtained by varying the red, green, blue phosphor emissions 
simultaneously and equally. The cathode ray tube emits several electromagnetic 
radiation and field types, but that radiation has no adverse effect on human health112.
A video display unit is a system controlling the operation of a CRT according to the 
input coming from an external signal source, such as a video camera, television, 
broadcast transmission or a computer. To accurately focus the beams on the appropriate 
colour phosphor, the electron beams are passed through an aperture referred to as a 
shadow mask. The CRT screen is divided into cells, i.e. pixels, each pixel being formed 
by a group of three colors of phosphors. Pixels are the smallest unit area on the screen. 
A pixel's physical size depends on the size of CRT and its screen resolution. The screen 
resolution (clarity of detail) becomes higher with smaller pixel size. The combination 
of pixels form the foreground and background of an image by providing contrast 
between the pixel groups.
A video display unit monitor under computer control turns any pixel on or off 
independently on the screen. Each pixel has defined coordinates horizontally (i.e., X-
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axis) and vertically (i.e., Y-axis) on the screen. The internal controller of the video 
display unit lets the computer software determine the resolution of the screen. In an 
'Enhanced Graphics Array' (EGA) video system, the screen resolution is 640 x 350 
pixels, on X and Y axis respectively. In video graphics array (VGA), the screen 
resolution is 640 x 480 pixels. The size of each pixel can be calculated simply by 
dividing the horizontal and vertical dimensions of the CRT by the number of pixels on 
each axis.
In a non-interlaced CRT display, the electron beam scans sequentially across each 
horizontal line of the display starting from the top. At the end of each horizontal scan, 
the electron beam flies back to the beginning of the subsequent horizontal scan of the 
next lower line. The completion of scanning the all screen until the bottom line is 
formed takes a fraction of a second. The vertical refresh frequency of a display 
expresses the number of complete scans and appearances of an image per second113. The 
IBM 8512 video-display unit used in this study had the vertical refresh rate of 70 Hz., 
per image taking 14 milliseconds to complete. Because of the refresh rate, the display 
screen will appear to flicker in some conditions.
The flicker sensation can be decreased by increasing the refresh rate of the monitor, by 
decreasing the number of lines on the display, alternately refreshing the odd and even- 
numbered display lines (interlace) and increasing the persistence of the phosphor, with 
each having its own perceptual and technical trade offs 114. The flicker sensation is also 
dependent on the luminance of the screen, becoming more perceptible with increasing 
screen brightness. On 10 cd/m2 background the flicker sensation does not happen as the 
screen vertical refresh rate (70 Hz) exceeds the critical flicker frequency (i.e., CCF; 20- 
50 Hz) on a range of varying background intensity levels l14'116.
The electron beam velocity, the rate at which the electron beam is modulated (i.e., video 
bandwidth), the velocity of horizontal fly back and the vertical velocity of the beam all 
place constraints on the distance between addressable pixels (i.e., display addressability)
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and the way a single pixel appears on the screen (i.e. display resolution). The cathode 
ray tubes are available with a number of different phosphor types and phosphor decay 
times. The phosphor decay of current CRTs vary from fractions of one millisecond to 
a few milliseconds117. There are three different ways in which different colors of 
phosphors are arranged in a pixel; vertical lines, vertical slots or, as in the IBM monitor 
used in the study, triplet points.
Different color combinations, hue and saturation can be obtained by changing the 
intensity of each of the three beams. The luminosity of a CRT is determined by the type 
of the phosphor used, its refresh rate and the cathode voltage118. The screen radiance in 
the CRT is mainly the result of the beam current which is controlled mainly by the 
control voltage o f the cathode guns. As a result, the screen radiance has a positive linear 
relationship to the beam current119. The spectral composition (colour) of the chromatic 
CRT brightness is dependent on the regulation of the voltage and is potentially variable 
with voltage fluctuation. Any irregularities in the screen voltage of the CRT may result 
in a change in the radiance of one color beam without affecting the others. When the 
intensities of three guns are kept equal, different levels of achromatic luminance, 
varying from black and dark grey to white, are achieved. In monochrome CRTs, the 
screen intensity is determined by one beam which forms only tones of grey for each 
pixel available, forming achromatic patterns120. The coordinates of the pixel by pixel 
stimuli area on the background are determined by the VDU zoom-scroll circuitry. A 
detailed technical description of CRT operation is available elsewhere119,121.
1.6.2. Video-Campimetrv
The use of computer graphics and video-display units was first described in the analysis 
of visual fields with the conventional light stimulus by Accem ero122 and found a rapid 
acceptance in several forms of testing such as Colour Contrast Perim etry123,124, Ring 
Perimetry125, Motion Detection Test126, Fine Matrix Perim etry127'129 and Noise-field
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Campimetry 130 involving personal computers and conventional "oculo-static" fixation 
with an adequate method of monitoring the patient's fixation either with intermittent 
blind spot checks or additional attachment for infrared eye movement detection. 
Suprathreshold strategies with single131 and multiple132,133 conventional light incremental 
(onset) stimuli combined with voice activated response registry were reported in video- 
campimetry. Also, single intensity kinetic high-contrast offset (i.e. black) stimulus is 
experimented in video-campimetry134,135. None of the previously described methods are 
configured to perform threshold or suprathreshold visual field examination with static 
light offset (dark-on-bright=negative contrast=decremental) stimuli conforming with the 
established perimetric standards. Computer Assisted Touch Screen (CATS) Campimeter 
was developed to offer single and multiple static light offset stimuli with novel touch­
screen as well as mouse-emulated patient interface and optional forced-choice fixation 
monitoring in both screening and threshold modes136. Computer-Assisted Moving Eye 
Campimeter (CAMEC) also accommodates the single stimulus characteristics of CATS 
in combination with dynamic fixation maintenance which allows excursion of the eye 
during the test.
1.6.3. Other Unconventional Perimetry
Visual field examination with different types of stimuli, fixation control and response 
registry methods have been described. The broad reviews of other novel computerized 
perimetric techniques such as Flicker and Temporal M odulation Perimetry, Pattern 
Discrimination Perimetry, Scanning Laser Ophthalmoscopic Perimetry, The W hole-field 
Scotopic Perimetry, Layer-by-Layer Perimetry, Acuity Perimetry, High-Pass Resolution 
(Ring) Perimetry, Peripheral Displacement (Motion Detection) Perimetry, as well as 
other psychophysical and electrophysiological methods such as Spatial and Temporal 
Contrast Sensitivity Testing, Pattern Electroretinograms and Pseudo-random Binary 
Pattern Stimulation which are experimented in visual field assessment are available 
elsewhere 137'141.
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1.7. Sensory Visual System
The retina is the visual sensory end organ of the central nervous system and forms the 
inner layer of the eye globe. It consists of a layer of photo-receptor cells (rods and 
cones) whose axons synapse with other modulator neuronal cells (bipolar, horizontal and 
amacrine cells) which process the response (Figure 2). These modulator cells in turn 
synapse with retinal ganglion cells. The axons of ganglion cells form the nerve fiber 
layer which forms the top layer of the retina and the optic nerve at the disc. The neural 
signals initiated by the ganglion cells are transmitted to the occipital visual cortex of the 
brain via the optic nerves, optic tracts, lateral geniculate nuclei and the optic 
radiation142(Figure 3).
1.7.1. Rods and Cones
'Visual Gain' is defined as the ratio of the magnitude of the physiological response to 
the stimulus magnitude, forming the balance and physiological sensitivity in the visual 
system. The photoreceptors constitute the first step in the visual system in which visual 
gain is established at different light adaptation levels for different retinal eccentricity 
and target sizes i43,144.
There are an average of 57.4 million rods and 3.3 million cones in the human retina145. 
The number of photo-receptor cells is dependent on the size of retinal surface area and 
optic disc. The photo-receptors in the fovea centralis which is the centre of the visual 
field, are exclusively cones. In the same area, the rods are virtually absent. The cones 
are responsible for photopic and color vision. The cones contain three different 
photopigments to have a maximum absorption at about 440 nm (short wave length 
sensitive; blue), 535 nm (middle wave length sensitive; green) and 570 nm (long wave 
length sensitive; red). The cones are also scattered in the peripheral retina where rods 
are the main photoreceptors. The rods function at low levels of illumination forming
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scotopic vision. The optic disc has no photoreceptors and is a blind spot in the field of
• • 146vision .
The fovea centralis contains approximately 200 000 cones/mm2. The remaining retina 
contains about 5 000 cones/mm2 which decline in intensity towards the periphery. The 
rod density has its peak at 3 mm (20 degrees) from the fovea centralis with 150 000 
rods/mm2 and that decreases less abruptly than the cone population to about 35 000 
rods/mm2 at the periphery 147. In result, the distribution of the optic nerve fibers to the 
ganglion cells and photo-receptors is not uniform. In the foveola, approximately 150 000 
cones are connected to twice that many ganglion cells, each cone connecting to two 
ganglion cells. In the far periphery, there may be as many as 10 000 rods connected in 
clusters to a single nerve fiber with considerable overlapping so that a point light 
stimulus excites several clusters at once146. The resolution sensitivity of the 
photoreceptors as a result varies with eccentricity, background luminous saturation and 
the representation of the retina in the visual cortex148.
The sensitivity of the eye for the detection of a stimulus varies with the level of 
adaptation to dark and light backgrounds. The light and dark adaptation have two 
mechanisms, namely a neural process that is completed in about 0.5 seconds and a 
slower photochemical process involving molecular changes in visual pigment that occurs 
in about one minute for light adaptation and 45 minutes for dark adaptation46. Above 
the retinal illuminance level of 3 .2xl0 '3 cd/m2, cones start to contribute to visual 
sensitivity along with the rods (mesopic level)4. Traditionally, rods are taken to be 
saturated about 3 cd/m2, but above this level, rods still contribute to colour vision and 
pupil size41. Nonetheless, the conventional adapting luminance used with the Goldmann 
perimeter which is 10 cd/m2 is regarded as representative of the mesopic le v e l46.
Colour Perimetry and Blue-on-Yellow Stimulus
As some retinal diseases influence rod or cone function differentially and more
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selectively, specific rod or cone anomalies may be missed with white luminous stimuli 
because of rod response contribution at modest photopic background levels of 
conventional perimeters149. The threshold to positive contrast (incremental) stimulus may 
be measured for one wave-length while the background is illuminated using a different 
wave length composition to increase the sensitivity of the test for cone disease. For 
instance, a strong yellow adapting background selectively reduces the sensitivity of the 
red and green cones, but only minimally influence the blue cone sensitivity. When a 
blue test target is presented on the yellow background, the visibility of the stimulus 
reflects the functionality of the blue cone system 150.
Visual field testing with blue stimuli on yellow background generates larger 
glaucomatous scotomas than conventional white-on-white light stimuli151. Neither red 
nor blue stimuli embedded in white surround of identical luminance of 10 ft-lambert 
(i.e. approx. 3 cd/m2)124, however, found defects which could not be detected by 
conventional automated perimetry in optic nerve disease 152. Similarly, when the same 
technique was used in manifest glaucoma and glaucoma suspect patients, all visual field 
defects found by blue stimuli could be detected by incremental static light stimuli123. No 
advantage of blue-on-yellow perimetry could be found over conventional automated 
perimetry in discriminating diseased fields from normals using receiver operating 
characteristics (ROC) analysis using standard stimulus/background parameters151. 
Increasing absorption/filtering of blue light in the aging lens and consequent necessity 
for 'lens density index1 and 'age correction factor' calculations for each tested eye hinder 
the practicality of the method153,154. Even when these factors were taken into 
consideration, the lengthy examinations with blue-on-yellow perimetry indicated a 
significant difference in glaucoma suspect eyes in comparison to normal controls only 
in the supero-nasal field with high false positive rates against the white light stimuli155. 
The perception of blue color was more impaired in high-tension glaucoma than the low- 
tension glaucoma156 and the field defects to the blue stimuli were wider and deeper157. 
The blue stimulus perimetry has recently been re-emphasized as a 'more sensitive' 
method in glaucoma137 despite previous controversy and become an optional mode in
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Humphrey Visual Field Analyzer. In that mode, static blue stimuli of Goldmann size 
V are presented against a high luminance 200 cd/m2 yellow adapting background which 
saturates the red and green sensitive cones and isolates the blue (short-wave) sensitive 
cones. The prospective follow-up of glaucoma and ocular hypertension patients with 
Goldmann Size V stimulus over a five-year period indicated that the visual field defects 
to the blue stimuli could be more extensive and more progressive than those to the 
conventional white stimuli158, early field deficits with blue stimuli converting to the 
visual field defects to the conventional light stimuli with the progression of the 
disease159. The lengthy dark adaptation period (minimum 15 minutes) and lens density 
index calculation requirements before each test together with poor test specificity of 
blue-on-yellow perimetry restrict its clinical efficiency and usefulness.
1.7.2. Bipolar Cells
The photoreceptor cells of the retina connect to the ganglion cells through bipolar cells 
which transfer the visual information160 as fully described elsewhere161. The bipolar cells 
respond to either increments (on-type) or decrements in light (off-type)162' 164. The 
connection patterns o f rods and cones are not uniform, resulting in low-spatial frequency 
(large size) contrast sensitivity for rod vision and high spatial frequency (smaller size) 
sensitivity to cone vision at different levels of retinal light adaptation165'167. Bipolar cells 
connecting to rods are 'on' type, and those connecting to cones are both 'on' and 'o ff 
type168' 174. Consequently, bipolar cells can use independently the full sampling capacity 
of cone array175. Inputs into both on and off type bipolar cells come from cones in 
photopic adaptation levels as the rods are considered practically saturated. One 'on-type' 
and one 'off-type' bipolar cells converge onto each given ganglion cell176, 'on' bipolar 
exciting the 'on' ganglion cell or inhibiting the 'off 'ganglion cell and vice versa177. 
Bipolar cells also provide lateral connections to horizontal178, amacrine and 
interplexiform cells179. In human retina, three types of horizontal cells were identified. 
Some of them contact all cones and rods (Type H I) whereas the others contact only
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either short-wave sensitive (Type H2) or middle and long-wave sensitive cones (Type 
H3) without rod sampling178. A comprehensive updated review of retinal morpho- 
physiology with extensive referencing is already availabe elsewhere180.
1.7.3. M odulator Cells and Receptive Fields
In the fovea, each cone connects to two ganglion cells , one 'on' and one 'o ff type181 via 
bipolar cells. With increasing eccentricity from the fovea, gradually more photoreceptors 
converge on single bipolar and retinal ganglion cells because of decrease in the number 
of retinal ganglion cells towards the periphery181'186. As a result of this architecture, the 
unit retinal area, receptive field187, over which light has some effect is formed. The 
receptive field of a neuron is the retinal area in which a visual stimulus causes a change 
in the activity of a neuron. It is suggested that the density of ganglion cell receptive 
fields in human eye is 30 000 receptive fields per degree in the central retina181.
The increasing photoreceptor-ganglion cell convergence ratio with eccentricity results 
in enlargement of the receptive field sizes148,186,188,189. In photopic conditions the size of 
the 'on' type receptive field centre is 4.5'-9' at fovea, increasing to 60'-90' at 10-15 
degrees from fovea and 120'-200' at 60-70 degrees from fovea. Similar to that inverse 
relationship between the receptive field size and ganglion cell density, the number of 
overlapping receptive field centres at a given retinal point decreases towards the 
periphery also190, from 32 at 10 degree eccentricity to 13 at 70 degree eccentricity191. 
As a result visual sensitivity decreases gradually further away from the fovea192,193. 
Retinal ganglion cell quantity, like photoreceptors, decreases with ageing194 along with 
neuronal loss in the visual cortex of the brain195. As indicated by the visual sensitivity 
decrease with ageing196, the overlap and/or size of the receptive fields therefore may 
also be age dependent although no report on this exists yet.
The centre and the surround of a receptive field can be treated as two distinct response 
mechanisms, each having its own summing area and generating its response
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contribution. The amount of response (total integrated gain) is determined by the area 
of receptive field covered by the stimulus, being largest in the centre and lower in the 
surround (Gaussian distribution)197,198. The end result is that stimulation occurs according 
to the balance in the amount of light falling into the excitatory centre and inhibitory 
surround fields199'201. Optimum response is obtained if the stimulus just covers the 
receptive field centre and as the spot size increases, the stimulation fades with the 
inhibition by antagonistic surround202,203. With dark adaptation, the receptive field 
surround becomes almost ineffective and the centre enlarges by about 25% of the 
photopic size191.
Receptive Field Perimetry
A psychophysical procedure that measures the properties of retinal ganglion cell 
receptive fields is described by Westheimer204'205 and was later adapted as a clinical test 
by Enoch206,207. In that, a small constant diameter test field is maintained at a constant 
suprathreshold brightness at the visual field location to be tested. This field is kept 
flashing at the rate of one per second and is easily detectible on the fixed background 
hemispheric field of a perimeter. A continuously presented (non-flashing) field is then 
centred on the flashing field. The diameter of the superimposed continuous field is 
varied in steps from almost equal to the flashing spot to several times larger in 
diameter. At each diameter the luminance needed in that field in order to make the 
small flashing field disappear and reappear is measured. W ith this procedure it is 
possible to calculate the area of the on-centre and the surround of the ganglion cell 
receptive field. It was suggested that the abnormalities of the inner and outer retina can 
be distinguished by studying the centre surround ratio changes.
1.7.4. Ganglion Cells and ON / OFF Dichotomy
There are at least 11 different classes of retinal ganglion cells208. An average of 85% of
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total one million retinal ganglion cells have concentrically organized receptive fields 
with two antagonistic regions, an 'on-centre' or an 'off-centre' with an opposite sign 
inhibitory surround201. In the remaining 15% of the ganglion cells, there is no inhibitory 
surround mechanism and the receptive field is 'non-concentric'. The diameter of the 
excitatory receptive field centre is equal to the dendritic distribution field size of the 
ganglion cell it belongs in the retina 200’209-210.
The 'on-centre' receptive field is activated by light falling in its centre area and inhibited 
by illumination in the 'surround' area. Conversely, the off-centre receptive field activates 
the ganglion cell with decrement of the light falling inside the receptive field centre and 
inhibits it with a light decrement in the surround area 199.
As the detection sensitivity to a perimetric stimulus is determined by the number211'216 
and the size217218 of overlapping receptive fields at a given visual field location, it is 
important to realize that the visibility of a light increment or decrement is the product 
of the excitatory receptive field centre219, not of the surround. A neuro-transmitter 
analogue 2-amino-4-phosphonobutyrate (APB)220 paralyses selectively retinal on-type 
bipolars, amacrine and ganglion cells as well as lateral geniculate nucleus and visual 
cortical on-type neurons with no effect on off-type cells. Following APB application, 
both the centre and the surround responses of on-centre cells were blocked, incremental 
stimuli becoming invisible while the responses to the decremental stimuli remained 
virtually unchanged221. It is concluded that i) the surround area of a receptive field, 
which has an inhibitory filtering function only, is formed by the horizontal and amacrine 
cells and not by interactions between the 'on' and 'o ff ganglion cells; ii) the 'on' and 
'o ff retino-geniculo-striate pathways remain segregated up to the visual cortex until 
converging on single cortical neurons; iii) on- and off-pathways are not stimulated 
simultaneously with a given bright or dark stimuli; and iv)cortical receptive field 
organization is likely the product of intracortical circuitry, not that of the convergence 
of the 'on' and 'o ff pathways168,200’209’221,222.
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Administration of 2-amino-4-phosphonovaleric acid (APV) or APB in mammalian retina 
does not only cease the function of on-type cells, but enhances the discharges from off- 
type ganglion cells223. It was suggested that the increase in 'o ff activity might be 
explained with blockage of inhibitory inputs from 'on' bipolars into the 'o ff ganglion 
cells. If  that is true for human eye, the detection sensitivity to light decrements should 
be higher against a dim background and become less with increasing adapting 
(background) luminance. Similar pharmacological asymmetries exist with administration 
of serotonin which blocks 'on' cells224 and dimethyltriptamine224 and baclofen225 which 
block 'o ff cells only.
The quantity of off-centre retinal ganglion cells is 1/3 to 2/3 of the on-centre cells 
depending on the eccentricity197,208,226'238. The average size of the receptive fields of the 
off-centre cells is larger than the on-centre cells233,239, as expected from a smaller 
number of 'o ff type cells and consequent higher photoreceptor to ganglion cell 
convergence. Although the morpho-physiological data come from monkey eyes, it may 
still reflect a highly accurate model of human visual system240.
The retinal ganglion cells display initial functional lamination in the retina and the 
stratification sequence proceeding from the vitread (near to vitreous of the eye; inner) 
surface is On-centre P cells, Off-centre P cells, On-centre M cells and Off-centre M 
cells190. The dendritic trees of these ganglion cells branch and connect to bipolar cells 
with similar stratification in the 'inner plexiform' layer of the retina, the connections of 
On-centres being more vitread than the Off-centres176.
1.7.5. Retino-Cortical Neural Visual Pathway
Visual information originating from the retinal ganglion cells is transmitted through the 
optic nerve which is formed at the optic disc by the retinal nerve fiber layer. The retinal 
nerve fiber layer which consists of approximately 1.2 million axons does not show
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laminar segregation of different calibers of axons coming from different classes of 
ganglion cells241. The retinal nerve fiber layer can be divided into three topographical 
sectors, namely i). papillo-macular bundle which leads to a central scotoma with its 
pathology, ii) arcuate bundles which cause nasal steps with respect to the horizontal 
meridian and arcuate scotomas in the superior and inferior hemifields and iii) nasal 
radial bundle which form wedge shaped sectorial defects in the temporal aspect of the 
blind spot when damaged (Figure 4).
The optic nerve leaves the eye at lamina cribrosa of the disc and meets the fellow optic 
nerve intracranially at the optic chiasm where the optic nerve fibres coming from the 
nasal hemi- retina cross to the other side and jo in  to the temporal hemiretinal fibers from 
the fellow eye (Figure 5). Lesions of the optic chiasm lead to bitemporal complete or 
incomplete hemianopia with respect to the vertical meridian.
Behind the optic chiasm, axons form the optic tract which further synapse in the Lateral 
Geniculate Nucleus (LGN), a relay station and processing centre before the visual 
cortex. LGN ganglion cells project their impulses on the visual cortical neurons via the 
optic radiation.
Lesions affecting the optic tract, lateral geniculate nucleus, optic radiation and visual 
cortex produce hemifield defects (hemianopia) that are "homonymous", that is 
occupying the same side of the visual fields in both eyes, with respect to the vertical 
meridian. In other words, a nasal hemianopia in the right eye together with a temporal 
hemianopia in the left eye produces a left homonymous hemianopia. Detailed anatomo- 
physiological and schematic reviews of the visual pathway in reference to the visual 
fields are available elsewhere 142>242.
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1.7.6. Lateral Geniculate Nucleus and Parallel Pathways
Magnocellular and Parvocellular Pathways
According to the morphology and response characteristics, retinal ganglion cells are also 
classified as P-type (also P-Beta), for those projecting to the Parvocellular layers (Layers 
3-6) of Lateral Geniculate Nucleus (LGN) of the brain and M -type (also P-alpha), for 
those projecting to the Magnocellular layers (Layers 1 & 2) of LGN186243.
LGN layers 1,4,6 take their inputs from the contra-lateral eye and layers 2,3,5 belong 
to the ipsilateral eye in either LGN244. The vast majority of cones providing input to the 
centre and surround o f magnocellular cells are red and green type and only some appear 
to receive signals from blue cones198. The signals from blue (short - wavelength 
sensitive) cones are transmitted via P cells and almost exclusively via the On- 
pathway227245246. Parvocellular (P) retinal ganglion cells have small receptive field 
diameter, small somal and axonal caliber whereas M agnocellular (M) retinal ganglion 
cells have large receptive fields (nearly 6 times), large cell bodies and axons188247. In 
accordance with their smaller receptive fields, P cells have higher spatial 
resolution197233248. The conduction velocity of the visual signal is higher in 
magnocellular cells, as expected from their large axons236 243. M -type ganglion cells are 
3-10 times less numerous then the P-type210247. The centre-surround mechanism of M 
cells is more sensitive to achromatic luminance contrast as opposed to the dominant 
feature of colour-opponency in 80% of P-type receptive field components236238. The 
sensitivity of M cells to achromatic contrast becomes most pronounced at short stimulus 
exposure durations197236 as they respond to the visual stimuli transiently200, at lower 
stimulus contrasts (below 15% contrast)249 and at lower levels of adapting background 
luminance250.
In monkey eyes, selective lesions of parvocellular system impair visual acuity, colour 
vision, high-spatial frequency (i.e. small size) and low-temporal frequency (i.e. slow-
47
flicker) contrast sensitivity, brightness discrimination, pattern (shape and texture) 
discrimination and stereopsis, whereas magnocellular lesions distort low-spatial 
frequency contrast sensitivity, fast flicker as well as low-contrast fast motion perception 
251-253. In humans, parvocellular system is affected by optic neuritis254 and magnocellular 
system is damaged preferentially in glaucoma255,256. Visual information on motion 
perception which decreases in glaucoma 257 is mediated and integrated by both On and 
Off pathways 258 within the magnocellular system 259.
On- and Off-Pathways
On and Off pathways remain morphologically segregated in the LGN also. On-centre 
ganglion cells are concentrated in layers 5 and 6 and off-centre cells are concentrated 
in layers 3 and 4 of parvocellular LGN 236>260. The magnocellular layers 1 and 2 have 
mixture of both type cells. Cytochrome-oxidase (CO) staining of the mitochondria 
reflect the metabolic activity rate of retinal and LGN ganglion cells261. In monkey 
experiments, metabolic activity in magnocellular and On-centre cell groups was found 
to be higher than the parvocellular and off-centre counterparts, as indicated by the 
higher optical and electron microscopic densities of CO-reacted neurons in these
237groups .
Objective asymmetries in human On and Off visual pathways are documented 
electrophysiologicaly also. Visual evoked cortical potentials (VECPs) to light 
decremental and incremental fast pattern reversal stimuli revealed lower contrast 
sensitivity to small size stimulus patterns (coarser 'spatial tuning') in O ff pathway than 
the On pathway 262, as expected from the larger receptive field sizes of Off-type 
ganglion cells. VECPs to pattern offsets (light decrements) were of lower amplitude than 
those to pattern onsets (increments) with no significant difference between the latency 
of responses to onsets and offsets51 and these findings were attributed to the smaller 
quantity of off-type cells and consequent larger receptive fields and less receptive field 
overlap in Off-pathway.
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On and Off pathways yield equal sensitivity and rapid information transfer for both light 
increments and decrements and facilitate high contrast sensitivity168 which is processed 
mainly by magnocellular system. On and Off pathways for sensing brightness are 
important contributors to colour contrast perception which is mediated mainly by 
parvocellular pathway263.
1.7.7. Visual Cortex and Magnification Factor
The mapping of the visual field onto the striate cortex is eccentricity dependent; fovea 
occupying a large area and the periphery claiming a small portion of the visual cortex 
both in monkey264 and human brain265'267. Holmes suggested that the central 15 degree 
visual field occupied 25% of the visual cortex265 but the recent advances in neuro­
imaging revealed that the central 10 degrees was represented by at least 60% of the 
occipital cortex266,267. The cortical magnification factor (M) indicates the amount of 
cortex associated with each degree of visual field and is represented with M2=mm2 
cortex/degree2268'270. The cortical magnification factor simply represents the variation of 
retinal ganglion cell density (D) with the M 2 varying 4000 times with eccentricity 
between the fovea and the peripheral visual field271. Signals transmitted by the parallel 
pathways blend together generally after the first synapse in the visual cortex of the brain 
and the detailed reviews of retino-cortical pathways229,272, the connections of the 
Magnocellular, Parvocellular203,273 and On and O ff pathways274,275 into the visual cortex 
are available elsewhere.
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1.8. Offset (Decremental) Stimuli in Visual Testing
1.8.1. Light Decrements f Offsets! versus Increments f Onsets! in Psychophysics
Above described objective asymmetries between the On and O ff pathways in 
morphological, physiological, pharmacological and electrophysiological domains also 
exist psychophysically. A bright target on a dark background is perceived larger than 
a dark target with identical geometry on opposite background276'279.
Stimulus detection rates and reaction times differ in  the foveal vision for increments and 
decrements278,280. The time to detect the offset of light was found to be shorter than that 
needed to detect its onset. When the nasal horizontal meridian up to 50 degree 
eccentricity was tested with a stimulus of 1-degree diameter and 3 dB incremental or 
decremental steps in light intensity in two observers, the threshold critical duration for 
stimulus detection was the same for both onsets and offsets in the macula within 10 
degree field. Beyond 10 degrees from the fovea and against the photopic background, 
light decrements were detectable at shorter (up to 5 milliseconds difference) durations 
of presentation. Against a scotopic background, the critical stimulus duration thresholds 
were equal. The average duration required for the detection of 50% of the stimulus 
presentations (i.e., 'time threshold') was less than 40 milliseconds in photopic vision and 
longer but less than 100 milliseconds in scotopic vision at all eccentricities281. The 
technical reliability of 5 milliseconds difference and the statistical significance of that 
subtle difference in two observers are not certain, although the time threshold 
differences for onsets and offsets were attributed to a likely activity difference of 
undetermined nature between the on- and off-pathways.
A one-degree diameter foveal circular field of white light was presented with increment 
or decrements in its luminance for stimulus durations of up to 2 seconds. There was no 
difference found in the onset and offset thresholds in the foveal vision and the critical
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duration for detection of both type stimuli was less than 0.1 second at various adapting 
background intensity levels. The critical duration for stimulus detection was less in 
higher background intensities282. Similarly, foveal incremental and decremental stimuli 
of 1-degree rectangular size were equally detectable with no difference between the 
threshold values283.
Luminance increment and decrement detection thresholds were established in macular 
10 degree diameter field, using a full field size stimulus. The detection of decrements 
in the light intensity of the 10 degree-size stimulus was easier (lower thresholds) by 0.5 
to 1.5 decibels in two subjects284. Stimulation of the macular 7 degree field with grating 
patterns made of alternate dark and bright bars and average luminance of 13 cd/m2 in 
4 observers provided opposite results, light increments being more detectable than the 
light decrements in mid-spatial frequencies (i.e., size of bars; 1-2 cycles/degree = 2-4 
bars/degree). That finding also supported the view that the smaller sizes of on-type 
receptive fields provided higher contrast sensitivity to light increments, bright bars 
appearing wider than the dark bars285.
Comparison of onsets and offsets with a one degree diameter stimulus presented for 0.1 
second at 15 degree eccentricity in the nasal field suggested easier detectability of light 
offsets. The thresholds to offsets were lower than those to onsets by 0.1-4.0 dBs with 
3 dB intra-individual (intra-test) variability in 5 subjects286. Interestingly, in this 
experiment, the subjects presented the stimuli to themselves using a trigger and also 
reported whether or not they were visible. When two observers presented the stimuli 
to themselves using a potentiometer and signalled their detection, the incremental 
detection thresholds were consistently higher than the decremental thresholds, suggesting 
easier detectability of offsets than onsets also287. The stimuli were presented at 7 degree 
eccentricity from the fovea in the inferior nasal quadrant with various stimulus sizes and 
the durations and the experiment took two hours for each subject. Like the other reports 
described above, an artificial pupil of 2 mm diameter was used. The easier detectability 
of offsets than the onsets was interpreted as a sign o f off-type cells being more sensitive
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than the on-type cells288.
W ith the stimulation of 3-degree foveal field, the detection threshold contrast for offsets 
was slightly lower than increments in 7 subjects, suggesting easier detectability of 
offsets. Light decrements, however, required longer reaction times to the stimuli by the 
patients280.
The central 3-degree foveal field was also tested with random dot pattern stimuli, 
creating random onsets and offsets of black dots at various locations. The detection of 
both type of stimuli became more difficult with immediately preceding presentation of 
opposite type stimuli at the same locations289. It was interpreted that the negative 
interference between the opposite type stimuli in their detection is a sign of the 
inhibitory interaction between the on and off-type cells, the detection being easier for 
light onsets. The 5-degree macular contrast sensitivity to grating patterns created with 
sudden light offset was found to be 50-65% lower than the contrast sensitivity to sudden 
light onsets especially at lower spatial frequencies (larger size bars)290. Light onsets were 
10% more visible than the light offsets in a similar study with bar patterns291. These 
findings are consistent with smaller amount of cells in the off-pathway and consequent 
lower contrast sensitivity,
1.8.2. The Offset ( Dark-on-Brighf) Stimulus in Clinical Testing
Visual field examination is universally performed with luminous stimuli on a relatively 
dim background. The luminous stimulus has remained in routine perimetric practice for 
over a century, probably due to the historical assumption that the eye fundamentally is 
a light sensor. While the advancements in static test techniques and the incorporation 
of custom-built and personal computers elaborated the conventional approach of 
differential light sensitivity determination across the field of vision, it appeared that the 
visual system also had 'differential dark sensitivity' due to parallel pathways.
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Whereas conventional perimetry with light increments tests on-pathway and mainly on- 
centre receptive fields at various locations across the retina, there may be advantages 
in testing the off-pathway with the offset (dark-on-bright) stimuli because of the 
asymmetries between both systems and possibility that the field defects that are missed 
with a conventional light onset stimulus might be detected by the offset stimulus in 
certain conditions, such as glaucoma, retinal and intracranial disorders affecting the 
visual system. It was shown in animal eye that on- and off-centre ganglion cells 
behaved differently in stress292,293. There is also evidence in the literature to suggest that 
off -pathway may be affected differentially by a disease process and cerebral palsy is 
such a condition294,295.
In addition to the psychophysical experimentation described above, the high contrast 
black stimulus has previously been described for blind spot detection and fixation 
monitoring on a hand-held tangent screen test chart37. Crick suggested that the black 
stimulus might reveal glaucomatous visual field loss, although no actual clinical result 
was reported296. The low, intermediate and high contrast kinetic dark stimuli have been 
experimented on a white Bjerrum screen in the diagnosis of cone dysfunction297. 
Computerized suprathreshold testing with kinetic black (single intensity) stimulus on a 
video-display unit134,135 and 'delay campimetry' which involved recording patient reaction 
times to a static black stimulus at a number of locations in the visual field298^ 99 were 
suggested to yield additional clinical information especially in retinal inflammatory 
disorders and inflammatory/demyelinating optic neuropathies respectively. Delayed 
stimulus perception was found only with light offsets in some patients and only with 
light onsets in others. Furthermore, single intensity grey and white high-pass spatial 
frequency targets300 which present areas of light onset and offset simultaneously as a 
ring-shaped static opto-type were employed on a video-display unit under computer 
control and gave similar results to conventional methods301. Scanning laser 
ophthalmoscope and incorporation of computer control enabled direct presentation of 
kinetic single intensity suprathreshold light offset stimuli of various contrasts onto the 
retina through a dilated pupil302 and proved useful in mapping visual deficits in retinal
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degenerative disorders303304. Computerized suprathreshold and threshold testing for 
detection sensitivity to static offset stimuli which conform to conventional perimetric 
standards, however, have not been reported before.
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1.9. Disease Process Causing Visual Field Loss
1.9.1. Glaucoma
Glaucoma is the most common cause of visual field loss and preventable eventual 
blindness in the developed countries305,306. Glaucoma is a form of optic neuropathy in 
which slowly progressive loss of visual field occurs without the individual's awareness.
Glaucoma patients may be sub-categorized according to the level of intra-ocular 
pressure (i.e., high- or low-tension glaucoma) or the rate of onset (i.e., acute versus 
chronic) or the aetiology (i.e., primary or secondary and open-angle or angle-closure 
glaucoma)307,308. Chronic primary open angle glaucoma (POAG) accounts for 90% of the 
cases. In POAG, there may be increased resistance to aqueous outflow from the eye at 
the trabecular meshwork due to microscopic degeneration of the trabeculum, which is 
situated at the angle between the root of the iris and the cornea309.
The prevalence of glaucomas is between 1 - 2% in the British population310. In the 
United States, the prevalence of glaucomas is 1.7% among whites and 5.6% among 
blacks311. A further 0.2% of the population develop glaucoma each year. It is estimated 
that over 11% of all blindness and 9% of visits to ophthalmologist are due to 
glaucoma306. The magnitude of the problem increases with age and becomes five to 10 
times more frequent beyond age 70312. The risk of developing glaucoma is increased in 
individuals with positive family history, myopia over -5 dioptres and diabetes313.
Glaucomatous optic neuropathy is generally regarded as due to an intraocular pressure 
sufficiently raised to a level beyond the individual tolerance limit of the 
morpho-vascular structures of the optic nerve head313'315. Although intra-ocular pressure 
rise is neither necessary nor adequate to cause glaucomatous optic neuropathy in all 
cases316, intraocular pressure mediated mechanical damage to the axons and/or decrease
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in the vascular supply to the optic nerve317 at the level of lamina cribrosa318319 may be 
responsible for neuronal damage with local blockage of axonal transport320. As the most 
common cause of preventable blindness in developed countries, glaucoma progresses 
with axonal damage at the optic nerve head leading to cupping321, descending and 
ascending neural loss in the retinal nerve fibre layer107, retinal ganglion cells322323, 
photoreceptors324, optic nerve fibres325 and magnocellular layers of the lateral geniculate 
nucleus255356.
1.9.2. Glaucomatous damage and the visual field
Initially, glaucomatous visual field defects are 'relative' (detectable with sub-maximal 
stimulus brightness) and fluctuate in severity, but later becomes 'absolute' and 
irreversible140326327. The visual field loss may occur both in a diffuse or a localized 
(pattern) fashion. Generalized (diffuse) visual field loss may be attributed to glaucoma 
if there is no media opacity or small pupil size. The presence of generalized visual 
field loss found with Goldmann perimetry in Primary Open Angle Glaucoma 
(POAG)328’332 was not observed in all patients333334. The only study claiming the absence 
of diffuse loss in POAG using automated perimetry (Competer) did not compare the 
visual fields of glaucomatous patients to the true age-corrected normal threshold 
values335. Purely diffuse loss in the absence of other causes has been documented in 
POAG, using the STATPAC empiric probability maps of Total Deviation and Pattern 
Deviation of Humphrey Visual Field Analyzer in 3 eyes only336. Therefore, the 
occurrence of generalized or diffuse visual field depression in Primary Open Angle 
Glaucoma (POAG), in contrast with the presence of characteristic localized defects, 
remained controversial.
The topographical selectivity of glaucomatous visual field loss has previously been 
reported for manual and automated conventional perimetric techniques 328’337 347. 
Localized (pattern) visual field defects in open angle glaucoma, by virtue of their shape
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and location, are nerve fiber layer type, that is small scotomata at about 15 degrees 
from fixation mostly in supero-temporal quadrant, gradually developing an arcuate shape 
and eventually respecting to horizontal meridian especially nasally, causing a 'nasal 
step'. Only 10% of glaucomatous defects occur outside the central visual field beyond 
30 degrees from fixation77,348.
Although some studies suggested differences in the distribution of the field deficits in 
low and high-pressure glaucomas, the defects being closer to the fixation and more 
diffuse in low tension glaucoma331349'353, there is not conclusive evidence or universal 
agreement on whether different types of glaucomas produce different patterns of visual 
field defects354'357.
It has been realized that the optic nerve head (disc) changes in glaucoma occur prior to 
detectable visual field loss to conventional light stimuli319358'360. The disc change 
involves the enlargement of the central cup of the disc, which reflects the decrease in 
the number of neuronal axonal fibers in the optic nerve head where the optic nerve is 
formed. At the level of retrobulbar optic nerve, the nerve fibers are killed throughout 
the nerve361 but, the ganglion cell axonal fibers of the superior and inferior quadrants 
seem to be lost earlier and 2 - 3  times more extensively than the fibers of the lateral 
quadrants, with an overall decrease in the number of all fibers resulting in cupping of 
the disc323362. The standard method of estimating optic disc cupping is to describe the 
ratio of cup diameter to the disc diameter in vertical axis. The vertical cup-to-disc ratio 
of 0.6 or larger may be indicative of glaucomatous damage. Since the superior and 
inferior portions of the optic nerve are formed by the axons of the arcuate area ganglion 
cells above and below the macula, the glaucomatous field defects are seen more 
frequently in arcuate areas, but later than the onset of the damage and cupping in the 
optic nerve. Clinical examination of the nerve fiber layer of the retina in red-free (green) 
light also demonstrates gaps in the integrity of the layer since the early stages of 
glaucomatous neural damage and these defects also occur prior to demonstrable visual 
field loss with conventional perimetry363"366. Therefore, a number of patients who have
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been found to have high intraocular pressures and normal visual fields (i.e., ocular 
hypertensives) but suspicious optic disc signs such as asymmetric cups, vertical 
elongation of the cup, notching o f the neuro-retinal rim around the disc and peripapillary 
nerve fiber layer defects, constitute an intermediate group, glaucoma suspects329330,367'369. 
As a substantial portion of the optic nerve may well be atrophic before the detection of 
field loss321323, the absence of detectable visual field loss in these glaucoma suspects 
raises the question about the sensitivity of conventional perimetry and indicates the need 
for more sensitive test procedures for optic nerve damage.
Glaucoma is known to damage selectively retinal ganglion cells with large somal 
diameter both in monkey325 and human eyes322361370371. It is possible that larger axons 
have less resistance to compression and ischaemia produced by intraocular pressure 
because of smaller surface-to-volume ratio372. Magnocellular247 cells, blue (short wave­
length) sensitive on-centre ganglion cells227 and off-centre ganglion cells174 have larger 
somal and axonal diameters. Thus, the new diagnostic tests for detection of early 
glaucomatous visual loss must have affinity to larger sized ganglion cells.
Visual field testing with conventional light onset stimuli of Goldmann kinetic perimeter 
can document the early glaucomatous visual deficit reproducibly only after 50% of the 
optic nerve axons are lost1073 21323. The comparison of retinal ganglion cell density and 
threshold to automated perimetric stimuli at 109 locations in 3 glaucomatous eyes 
indicates that, on average, a 5 dB loss requires 20% ganglion cell death and a 10 dB 
loss represents a 40% loss216. Up to 10 degree eccentricity in the field, 5 dB loss is 
equivalent to 50% ganglion cell death in the retina. In human glaucomatous eyes, 3%- 
36% of the ganglion cells still existed when 0 dB sensitivity was found. That was 
explained with either damaged non-functioning cells still being present in the retina or 
not being tested with conventional light stimulus intensity. It was concluded that 0 dB 
sensitivity occurred when receptive field centres of adjoining ganglion cells no longer 
overlapped216. It has been suggested that there could be little point in diagnosing 
glaucomatous visual loss at an early stage as patients tend to go blind despite
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treatment373. There is increasing evidence, however, that visual loss can be retarded, 
arrested or even reversed with proper treatment313316,374'376. Therefore, it is crucial to 
detect the ongoing glaucomatous disease process in the optic nerve at its earliest level 
to achieve best prognosis.
1.9.3. Other causes of visual field loss
In general, organic lesions leading to visual field loss along the neuro-visual pathway 
may be grouped as inflammatory, degenerative, ischaemic, traumatic, neoplastic or 
compressive in nature and may occur at pre-retinal level (e.g., ptosis, uncorrected 
refractive error, miosis, media opacity involving cornea, lens or vitreous), retinal level 
(e.g., detachment, dystrophy, degenerative disorders, chorioretinitis, diabetic or other 
retinopathy, tumor, ischaemia), at the optic disc (e.g., ischaemic optic neuropathy, 
papillitis, chronic papilloedema, coloboma), optic nerve (e.g., inflammation, ischaemia, 
tumour, compression, trauma), optic chiasm and tracts (e.g., tumor, inflammation, 
infarct, vascular or infiltrating lesions) or beyond in lateral geniculate nucleus, optic 
radiation and visual cortex (infarct, arterio-venous malformation, tumor). The pattern of 
the visual field loss is usually indicative of the site of the lesion as briefly described 
above (see 1.7.6.). A detailed review of such lesions and their typical visual field 
consequences are available elsewhere377.
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1.10. Screening
1.10.1. Medical Screening
Medical screening is the detection of occult disease or organic defect by the application 
of tests, examinations and other procedures which can be applied rapidly. The primary 
purpose of medical screening is to sort out apparently well persons who may have a 
disease or defect from those who do not have the same condition without any attempt 
to entertain a definite diagnosis. In situations in which the abnormal (positive) results 
of the screening test lead to medical treatment of the condition, the term 'prescriptive 
screening' is used378.
When the application of medical screening procedures are applied economically to large 
groups of apparently well individuals, the investigation procedure is called 'mass 
screening'379. Mass screening can be either 'monophasic' or 'multiphasic'. In 
'monophasic' medical screening, either a single or a battery of tests are performed 
towards the detection of an individual disease or defect. In such circumstances, 
screening procedures are usually confined to those people who are at special risk of 
having the condition380. Multiphasic screening aims at the detection of more than one 
occult diseases or defects in large groups of apparently well persons using multiple 
screening tests. For instance, if a visual field screening test procedure is performed, 
either on its own or in combination with tonometry and ophthalmoscopy, to reveal either 
the absence or presence of a visual field defect and/or the presence of glaucoma, the 
procedure is monophasic screening. If the field screening test is combined with a 
battery of other tests to perform differential diagnosis and document the exact nature 
and aetiology (e.g., glaucoma, ischemic optic neuropathy, pseudotumor cerebri, cerebral 
infarct or tumor, etc.) underneath the detected abnormality, screening is multiphasic.
Ideally, a screening test should be sensitive enough to bring to attention all those with 
the disease in the group, and specific enough to exclude only those without the
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condition being sought for. If the result of a screening test is abnormal in a person who 
really has the disease, the result is 'true positive' (TP). W hen the test result is normal 
in a healthy individual without the disease then the result is 'true negative' (TN). 
Having an abnormal and normal test result in a normal and diseased individual are 
described as 'false positive' (FP) and 'false negative' (FN) results, respectively. The 
sensitivity of a screening test is the conditional probability of a positive test result, 
given that the patient has the disease which is proven by a "gold standard" method 
(TP/FN+TP). The test specificity is the conditional probability of a negative test result, 
given the patient does not have the disease (TN/TN + FP)381. Predictive value of a 
positive test result is the ratio of number of those with the disease and detected by the 
test to the total number of individuals with abnormal test result (TP/TP+FP). Similarly, 
predictive value of a negative test is represented by the ratio of those with normal result 
and no disease to the total number of normal results in the group screened 
(TN/TN+FN). It has recently been suggested that repeated visual field testing of the 
same individuals with a screening method may also give reliable results to establish the 
sensitivity and specificity of the new technique in the absence of an external 'gold 
standard'382. This new approach is based on the observation that the true and false 
positive result rates obtained with initial testing decrease to their square with repeat 
testing, improving the specificity and reducing the sensitivity with each repeat test. The 
validity and applicability of this new approach, however, is still to be investigated in 
full.
A good screening test is one where both sensitivity and specificity are high. Although 
a 100% discrimination between the diseased and healthy populations is desired as a 
result of a screening procedure, there is always, to some extent, an associated error rate 
in the screening measurements that exists, simply because no information or its 
interpretation is free of error. The frequency distributions of test scores from the two 
populations of normals and diseased will overlap383. Increasing the sensitivity of a 
screening test usually requires sacrifice from the specificity and vice versa.
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The benefits and cost of testing (e.g., financial, time of testing, discomfort to the patient, 
etc.) determine together the level of trade off between the sensitivity and the specificity 
of the screening test384.
The criteria set by Wilson brings the following principles of screening in medicine385:
1. The condition sought should be an important problem.
2. There should be a recognized latent or early symptomatic stage.
i
3. The natural history of the condition, including its development from the latent to 
declared disease, should be adequately understood.
4. There should be an accepted treatment for the disease.
5. There should be a suitable test or examination.
6. The test or examination should be acceptable to the population.
7. Facilities for diagnosis and treatment should be available.
8. There should be an agreed policy on whom to treat as patients.
9. The cost of screening (including diagnosis and subsequent treatment of patients) 
should be economically balanced in relation to the possible expenditure on medical care 
as a whole.
10. Case finding should be a continuous process and not a once for all project.
In general, "Wilson's Criteria" are regarded as difficult to meet. Glaucoma and other 
neuro-ophthalmic conditions causing visual field defects seem to comply with the above 
principles and ideally suited386'388 to purpose of visual field screening towards the 
diagnosis and treatment of such conditions.
During visual field screening, the examination of a large number of points throughout 
the visual field would be ideal, in theory, but is impracticable because such a strategy 
would be too time-consuming and exhausting for the patient. When screening for visual 
field loss, it is therefore necessary to examine a small number of points, which are 
carefully selected according to known patterns of visual field loss in glaucoma and other 
important diseases389. If speed and economy can be achieved with acceptable sacrifice
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from sensitivity and specificity, then visual field screening might become a routine in 
the community, where it could be administered in combination with other types of 
examination for the detection of disease.
1.10.2. Glaucoma Screening
The detection of glaucoma in the community is an unresolved problem. It is one of the 
leading causes of blindness in the developed world. Undetected glaucoma accounts for 
approximately 50% of the cases in the community and the vast majority of those hidden 
cases are recognized only when end-stage visual field loss or even late legal blindness 
have occurred367390'392. Early diagnosis of glaucomatous neural damage is of critical 
importance in achieving the best prognosis in treatment and effective blindness 
prevention in the community305.
As it is usually possible to arrest the progress of the glaucomatous visual loss, if 
detected at an early stage, the screening for glaucoma, especially in general practice, is 
frequently emphasized 392_396. In current practice, most people referred with suspected 
glaucoma do not have this disease397398. And yet, most glaucoma sufferers are 
recognized only when advanced visual field loss, or even legal blindness, have 
occurred390. This unsatisfactory situation exists because of the limitations of 
tonometry373399,400 and ophthalmoscopy401'404. Tonometry alone would yield 53% false 
negative and 45% false positive errors if  21 mm Hg is accepted as the maximum limit 
of normal intraocular pressure. This is because 5 - 10% of the population have an 
abnormally high intraocular pressure, but less than 1% of 'ocular hypertensive' 
individuals develop detectable optic nerve damage each year. To make it even more 
complicated, nearly half of all glaucoma sufferers have a normal intraocular pressure 
reading at any one time. Similarly, if glaucoma referrals were made on the basis of cup 
to disc ratio of 0.7 or greater, the screening decision would have a sensitivity of only 
33% and a specificity of 80%. Problems with cup to disc ratio arise because of the
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variation of the optic disc size in the population, which cannot be assessed accurately 
by direct ophthalmoscopy. Other glaucomatous ophthalmoscopic findings e.g., narrowing 
of the pink neuroretinal rim area of the optic disc, splinter disc hemorrhages or nerve 
fiber layer defects, require a high level of expertise which is not available at primary 
care settings i.e. optometric practice. As a result, only one in three referrals for 
suspected glaucoma gets confirmation of the disease405. For these reasons, intraocular 
pressure measurements and ophthalmoscopy performed for glaucoma screening should 
be combined with visual field testing. Thus, effective and efficient visual field screening 
is highly desirable in order to identify individuals who are in the early stage of this 
disease 392 396. It was suggested that the frequency of visual field screening should be 
adjusted according to the age as twice in each decade of life up to age of 50 years, once 
every two to three years up to age 70 and once a year thereafter313. Early detection and 
prevention of blindness through effective visual field screening may help decrease the 
financial burden of the condition to the community as well as improve individual well­
being of the detected patients386.
Despite its invaluable importance in confirming the visual loss and presence of 
glaucoma and other optic pathway disorders, visual field testing is usually omitted as 
a first line investigation in combination with tonometry and ophthalmoscopy for 
screening in optometric practice406. Although visual field examination is a well 
established method of screening for glaucoma407 it is usually omitted because 
conventional techniques are difficult for both the patient and the examiner, time 
consuming and expensive87,408,409. The dependence of perimetry on costly equipment and 
technical personnel further restricts its availability in the community. The need for a 
skillful examiner or a computerized monitoring system, both increase further the cost 
of the examination. As a result, perimetry is usually omitted as a first line investigation 
in the community even when a glaucoma suspect is to be referred to an 
ophthalmologist405,406,410. Among 704 referred glaucoma suspect patients, it was found 
that a mere 47% had been tested by the optometrist with a field screener410. Although 
perimetric equipment is widely available in optometric practice, only 6% of the patients
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have visual field test. Only 10% of individuals over age 40 years are examined with any 
form of perimetry391. At least 20% of primary examiners, optometrists, virtually never 
use a field screener406.
For the same reasons, perimetry is an under-utilized tool in ophthalmic clinics, despite 
the fact that no ophthalmic examination can be regarded complete without perimetry. 
In addition to glaucoma and a number of other eye diseases such as retinal detachment, 
tumor, infarct and degenerative disorders which cause visual field loss, brain disorders 
also give visual field manifestations411,412. There has been no practical and satisfactorily 
informative visual field test instrument available to non-ophthalmic clinicians such as 
neurologists, neuro-surgeons, paediatricians, internists or general practitioners although 
the population receiving services from those disciplines are at higher risk of having 
visual field loss394.
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1.11. Aim of the Thesis
The objective of this work was to establish the usefulness of dynamic (i.e., moving eye) 
fixation target and light decremental (i.e, offset) stimuli in clinical testing of the central 
visual field. That required the investigation of:
I. Dynamic fixation method combined with either continuous or intermittent (brief) 
stimulus presentations in the central visual field examination; and,
II. Various contrasts of light offset stimulus in screening and quantification of normal 
and abnormal central visual fields.
In connection with the above, computerized single-intensity and threshold static light 
offset stimuli of perimetric standardization were devised in video-campimetry. The 
development and performance testing of light onset stimuli in video-campimetry and 
comparative evaluation of equal and opposite amount of light changes on CRT were not 
addressed.
The following hypotheses were studied:
1. Isoptres to continuously exposed offset and onset stimuli presented with dynamic 
fixation may differ and the isoptres may vary with changes in ambient illumination.
2. Dynamic fixation and constantly exposed static offset stimuli used in 'oculo-kinetic 
perimetry1 may have different informative value in various stages of visual field loss and 
in different age groups.
3. Clustering of fixation targets may influence the test sensitivity in oculo-kinetic 
campimetry.
4. Video-campimetric dynamic fixation and conventional static fixation methods may 
provide different levels of fixation control in children.
5. Diagnostic screening potential of CAMEC strategies with offset stimuli and dynamic 
fixation may differ from that of conventional perimetry in terms of sensitivity, 
specificity and efficiency.
6.  Refractive blur may influence the detection sensitivity to offset stimuli.
7. The results from dynamic fixation and offset stimuli may vary on repeat testing.
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Part 2. MATERIAL AND METHODS
Good judgement comes from experience; and experience, well, that comes from bad
judgement.
[Anonymous]
2.1. Light Offset Stimuli and Dynamic Fixation on Bjerrum Screen
The presentation of a dark-on-bright (offset) stimulus on a white tangent screen is 
difficult, as it would require a white wand which would lead to confusion by casting a 
dark shadow. This technical difficulty is overcome by using a novel campimetry 
technique which does not require the stimulus to be moved on the screen, because it is 
the patient's eye which moves instead25.
The aim of the study was to describe 'the hill of vision' to the offset stimuli on a 
tangent screen, identify differences between responses to offset and onset type 
campimetric stimuli in the central visual field by dynamic fixation technique and to 
determine how these responses vary with changes in ambient illumination. The study 
involved the assessment of the visual fields of the right eyes of eight volunteers, six of 
whom were male and two female. Their visual acuities were all 6/5, and the pupil sized 
ranged between 3 and 5 mm. in 150 lux room illumination. All eyes were normal. The 
experiments were performed with three different types of tangent screen: black, white, 
and grey, having a light reflectance (albedo) of 5%, 95%, and 50% respectively. Each 
test stimulus consisted of a disc attached on to the screen which had a light reflectance 
of either 5% (black, offset) or 95% (white, onset) creating equal and opposite luminance 
changes (i.e. ± aL) on white, black or grey background at a given illuminance level 
(Figure 6). Neither Weber's nor Michelson's formula alone (Chapter 1.2.2) could 
represent that stimulus opponence on all stimulus-background combinations:
Stimulus Weber's Contrast Michelson's Contrast
W hite-on-Black 0.95-0.05 / 0.05 = +18.0 0.95-0.05/0.95+0.05= +0.90
Black-on-White 0.05-0.95 / 0.95 = -0.95 0.05-0.95/0.05+0.95= -0.90
White-on-Grey 0.95-0.50 / 0.50 = +0.90 0.95-0.50/0.95+0.50= +0.31
Black-on-Grey 0.05-0.50 / 0.50 = -0.90 0.05-0.50/0.05+0.50= -0.82
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The tangent screen was illuminated with a white light halogen lamp fitted with a 
diffuser and a dimmer switch which was positioned at 2 meters from the screen. The 
illumination of the screen was measured and adjusted with a luxmeter (Solex SL100). 
No spectrophotometry was performed.
The fixation target consisted of a pointer, which was moved across the screen 
superotemporally by the examiner, so that the pursuit movements of the subject's eye 
induced a relative shift of the stimulus along the 225 degree (inferonasal) meridian in 
the central visual field. The eccentricity from fixation at which the stimulus was no 
longer seen was recorded. This procedure was repeated five times for each target and 
illuminance level, and a mean value was taken as the final result.
Every time the ambient illumination was altered, 3 minutes were allowed to elapse 
before the examination was begun so as to ensure the subject's retinal light adaptation 
had taken place. The subject was seated, with the head resting on a chin rest so that the 
right eye was 150 cm. from the screen. The left eye was covered with an occluder. All 
perimetric examination were performed by the same individual, and all tests for each 
subject were completed on the same day.
2.1.1. Meridional Hill of Vision to the Offset and Onset Stimuli
Four volunteers (two males and two females; mean age 30 years, range 28-31 years) 
were tested with each of five sizes of offset stimuli (1,2,3,4, and 5/1500 mm.) against 
a white background, and also with onset targets of the same size on a black background. 
The peripheral visibility of both stimulus types on the 225 degree meridian was 
compared.
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2 . 1.2 . The Effect of Variation in Illumination on Offset and Onset Stimuli
The effect of variation in ambient illumination on the eccentric visibility of offset and 
onset stimuli on the 225 degree meridian was examined at two levels of illumination, 
which were 13 and 400 lux (that is, a difference of 1.5 log units). The colour 
temperature of the various light levels were not determined and it is possible that 
variations may have occurred.
Eight volunteers (mean age 30 years, range 25-39) were tested with each of the 
following four stimulus-background combinations in a random order: white-on-black, 
black-on-white, white-on-grey, and black-on-grey. The grey background was employed 
in order to neutralize the difference in retinal light adaptation levels to different 
backgrounds, and to establish whether the results were due to the stimulus or the 
background. In each case a 1/1500 mm. (2.5 minutes arc) stimulus visibility with change 
in illumination was calculated with the formula [ ( I-i ) / i ] x 100 where T is the 
isoptre at 400 lux and 'i' is the isoptre at 13 lux. The percentage change in the isoptre 
of the offset stimulus was compared with that of the onset stimulus by non-parametric 
sign test for paired data.
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2.2. Clinical Evaluation of Dynamic Fixation and Constantly Exposed Offset 
Stimuli for the Detection of Glaucomatous Visual Field Loss
A hand-held Oculo-kinetic Campimetry chart which consisted of a white card (29.5 cm 
x 42.0 cm), with multiple fixation targets numbered 1-26 on each side, was used for the 
examination of the left or right eyes (Figure 7). A black eye-occluder fitted to the lateral 
edge of the card by means of a rigid side-arm ensured that the correct side of the card 
was presented to the eye and that the card was held at the proper distance (40 cm). The 
first fixation target consisted of the letter 'L' or 'R' , depending on the eye being 
examined, and tested the left or right blind-spot respectively. The 26 numbered fixation 
targets spiralled towards the centre of the chart to examine the field at 12.5 degrees 
superiorly, 15 degrees nasally and inferiorly, and at additional points more centrally. 
These fixation targets were coloured light-blue so that the patient would not confuse 
them with the central black test stimulus.
The aim of this work was to establish the screening value of oculo-kinetic campimetry 
chart and constantly exposed offset stimuli in different stages of glaucomatous field loss 
and in various age groups. The oculo-kinetic campimetry was performed under good 
illumination (photopic level, 100 - 150 lux with 0.2 log unit variation). During the test, 
the right eye was examined first, with appropriate correction for presbyopia, if 
necessary. If the edge of the bifocal segment interfered with the examination, the 
patient was advised to tilt the head backwards or forwards to move the chart into the 
central part of the near segment. All examinations were performed under supervision, 
with the stimulus left constantly exposed. The patient was asked to look at each fixation 
target for about one second. If any numbers were reported by the patient to be 
associated with disappearance of the stimulus, these were deleted on the record sheet 
by the examiner and the eye was re-examined. This was done without comment by the 
examiner so as to avoid bias. Reproducibly missed test stimuli at one or more test 
locations constituted an abnormal (i.e. positive) result. Suprathreshold conventional 
perimetry was performed with three zone quantification (normal, relative or absolute
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field loss) before or after the oculo-kinetic perimetry, by optometrists as part of routine 
patient care, using either the Friedman Visual Field Analyzer, Dicon 3000 
Autoperimeter or Tubingen Perimeter and in some of the control subjects, with Henson 
Visual Field Analyzer. These perimeters have the same maximum stimulus brightness 
(1000 Apostilb) and the criteria of a relative or absolute defect is uniform between 
different devices. Despite the fact that suprathreshold static perimetry with single and 
multiple stimuli and suprathreshold kinetic perimetry represent different types of testing 
with major instrument design differences and non-identical response properties, they all 
give similar results in the detection of visual field loss413'415. The depth of all detected 
glaucomatous visual field defects is the same with similar topographical distribution 
when quantified with single kinetic and multiple static stimuli416,417. The results of the 
conventional perimetry were categorized independently according to the 
Aulhom-Karmeyer Classification418 by three ophthalmologists and an optometrist 
without knowledge of the OKC results and a mean score was calculated for each eye. 
Although the Aulhom-Karmeyer Classification which categorizes defects as 'relative 
only' (Stage 1), 'small absolute scotoma separate from blind spot' (Stage 2), 'larger 
absolute scotoma connected to blind spot' (Stage 3) and 'hemifield loss' (Stage 4), 
originally referred to kinetic perimetry, it can also be applied to static perimetry because 
of the above described similarities between results from both methods.
The perimetrically experienced patients were selected from a hospital glaucoma clinic. 
The controls consisted of hospital workers, spouses and friends escorting the patients 
to the glaucoma clinic of Tennent Institute (OKC and conventional tests performed by 
the author) as well as patients attending a nearby refraction clinic where Dr R. 
Stevenson and his undergraduate students performed the tests on 100 controls (as part 
of an undergraduate dissertation submitted to Caledonian University School of 
Optometry, 1991). In the control group, only the results from the right eye was 
included. In both groups, individuals were excluded if they appeared to be very frail and 
eyes were tested only if the visual acuity was 6/18 or better and if there was no other 
ocular disease.
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2.2.1. Constantly Exposed Offset Stimulus of 1.5 mm. Diameter
In the first part of. the study, the test object was a 1.5 mm diameter (1.8 mm2) black 
spot creating a high contrast light offset stimulus. This subtended a visual angle of 0.2 
degrees, and provides a normal isoptre of approximately 20 degrees in keeping with 
recommendations for the detection of glaucoma using a white stimulus on a black
4.1 Qtangent screen .
Oculo-kinetic campimetry with 1.5 mm offset stimulus was performed on 222 eyes (116 
right, 106 left) of 126 individuals (68 male, 58 female; aged 16 - 91 yrs, mean 66.4 yrs) 
attending the glaucoma clinic with known or suspected glaucoma in one or both eyes. 
A total of 189 controls (83 male, 106 female; aged 19-86) were examined also.
2.2.2. Constantly Exposed Offset Stimulus of 3.0 mm. Diameter
In the second phase of the study, the OKC test with a 3.0 mm diameter offset stimulus 
(7.1 mm2) stimulus which subtended a visual angle of 0.4-degrees, was performed on 
144 glaucoma eyes (73 right, 71 left) of 88 patients (35 female, 53 male; aged 60 - 85 
yrs, mean 70 yrs), and 31 right eyes of 31 normal individuals (15 female, 16 male; aged 
60 - 85 years, mean 70 yrs). The patients and healthy volunteers for controls in this part 
of the study were different from those examined with a 1.5 mm stimulus.
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2.3. Constantly Exposed Offset Stimulus with Dynamic Fixation in Detection of 
the Blind Spot as a Model of Small Absolute Scotoma
The aim of this work was to establish the influence of clustering of fixation targets on 
test detection sensitivity in oculo-kinetic campimetry. Two different oculokinetic 
campimetry charts were used (i.e. Chart A and Chart B), which had either one or two 
fixation targets corresponding to the physiological blind spot (Figure 8). Subjects with 
a visual acuity of 6/12 or better and without any known ocular or systemic disease were 
selected randomly from hospital personnel and persons escorting patients to our hospital 
clinic. Two hundred and seventy two eyes (136 right, 136 left) of 139 perimetrically 
naive individuals (66 male, 73 female; age range 21-78 yrs, mean 45 yrs) were included 
in the study.
Sixty nine individuals were tested with Chart A and seventy individuals were tested 
with chart B by the author and an undergraduate medical student, S.M. Tavadia. All 
patients were examined with a high contrast offset (black-on-white) 1.5/400 mm 
stimulus. The OKC was performed under indoor normal lighting conditions (100-150 
Lux). The right eye was tested first. Presbyopic and ametropic individuals were fitted 
with an appropriate optical correction. The same examination protocol was followed in 
each patient. The subject was asked to look at the first fixation target (ie number '1') 
and to say whether or not the stimulus was visible. Next, the subject was asked to read 
each number aloud and to report any numbers that were associated with disappearance 
of the stimulus. The results were recorded by the examiner without comment so as not 
to cause any bias. After examining the fellow eye, both eyes were examined a second 
time. If the test stimulus disappeared on both examinations when the patient looked at 
the number or numbers corresponding to the blind spot, the result was regarded as 
'non-fluctuating positive'. If the blind spot was detected during one of the two 
consecutive examinations, the result was categorized as 'fluctuating positive'. If  the blind 
spot was not detected on both examinations, the result was categorized as 'false 
negative'.
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2.4. Computer-Assisted Moving-Eye Campimetry (CAMEC)
CAMEC operates on an IBM PS/2-286 personal computer with a VGA or EGA colour 
graphics card, a 14-inch VGA colour monitor (IBM 8512), a sound card (Audiocard 
330E, RS Components Ltd, Corby, England) with loudspeaker, a joystick (Suncom 
Technologies Ltd.) and an IBM dot matrix printer. In addition, an adjustable head-rest 
is attached to the top of the computer monitor with a Velcro strap (Figure 9) .
To function, the CAMEC software requires two commercial programs to be installed. 
The Audiocard software controls the speech card so that CAMEC can give auditory or 
"spoken" commands and comments to the patient. The Microsoft Works spreadsheet is 
used to adjust test variables and to design examination strategies. The new CAMEC 
software code was written by M r J. McGarvie and Dr A. Evans with design contribution 
by Drs Damato, Keating and the author. Various spreadsheets with different examination 
strategies were composed solely by the author (see Diskette).
Fixation Target
The dynamic fixation target consists of a spot and a circle. As the computerized version 
of moving eye method was originally intended primarily for children, the circle is added 
to mimic a computer game to maintain the patient's interest and attention. The test is 
designed to prevent loss of fixation by means of a constantly moving fixation target 
which is a disc shaped spot on the monitor and which must be held within the circle by 
the patient using a joystick. This task forces the patient to look at the spot and the circle 
so that the direction of gaze is controlled by the computer. As the capability of different 
children and adults to perform visual tests vary widely, the speed of the fixation target 
and hence the difficulty of the tracking procedure is adjusted automatically according 
to the patient's competence. Stimuli are presented successively in the central visual 
field as long as the patient satisfactorily maintains the moving fixation target in the 
circle. If the patient allows the fixation target to escape from the circle, the computer
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bleeps repeatedly until cooperation is regained, and CAMEC issues "spoken" commands 
(with a female voice), such as "Please move the circle over the spot". This strategy 
ensures that the patient's fixation is well maintained when stimuli are presented.
The colour of the fixation target and the circle can independently be adjusted using the 
spreadsheet. The radius of the fixation target can be varied from 0.4 mm to 5.9 mm 
(0.07-1.12 degrees), with a default of 1.6 mm (0.3 degrees), and the radius of the circle 
can independently be varied from 1.2 mm to 7.8 mm (0.22 - 1.40 degrees), with a 
default of 7.0 mm (1.34 degrees).
The speed of the fixation target can be altered, using the spreadsheet, but automatically 
varies during a preliminary test program according to the patient’s ability to maintain 
the circle over the moving spot. In addition, during the examination proper, CAMEC 
checks the patient's ability to keep the circle over the spot, because this may improve 
with experience or deteriorate with fatigue. The amount by which the fixation target 
accelerates or decelerates, and the proportion of time for which the fixation target must 
lie outside the circle before there is any change in the speed of the fixation target can 
each be adjusted separately using the spreadsheet.
Stimulus Factors
Presentation: Test stimuli are presented silently, one at a time. Although to the patient 
they seem to occur at random locations, the order of their presentation is pre-determined 
using the spreadsheet so as to reduce the fixation inadequacies. The eccentricity and 
meridian of each stimulus in relation to the patient's direction of gaze are calculated by 
the computer according to the distance between the eye and the screen, the location of 
the fixation target and the location of the test stimulus. Because the fixation target 
moves to the edges of the computer screen, the visual field is examined to an 
eccentricity of 29 degrees when the working distance is 30 cm. The fixation target 
stops moving when the stimulus is presented.
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Detection: Awareness of the stimulus is signalled by the patient pressing a button on 
the joystick. If the button is pressed during the stimulus presentation or during a pre­
selected time period immediately afterwards (i.e. during the response time), the 
computer emits a rewarding bleep and after a delay varying from 0.8 to 5.0 seconds, 
another stimulus is presented at a different location. The time between two stimulus 
presentations depends on the spatial distance between the two stimuli, the tortuosity of 
the path followed by the fixation target and the ability of the patient to keep the spot 
within the circle.
If the patient does not press the button when a stimulus appears, the stimulus is 
presented a second time, unless the blind-spot is being examined. If any one of these 
two stimulus presentations are detected, the stimulus is recorded as seen. Non- 
reproducible missed stimuli (i.e. one out of two) are recorded as false negatives. If 
neither of the two stimuli are seen, a stronger stimulus can be presented, which has 
more contrast, or a larger radius, or both.
If the patient attempts to cheat by pressing the button at random, the computer emits 
phrases such a "Please don't guess" or "Don't guess" and delays the presentation of 
further stimuli for approximately one or two seconds. In addition, such guesses are 
recorded on the final printout as false positive results.
The response period ('delay') allowed after each stimulus presentation can be the same 
for all patients and adjusted using the spreadsheet or it can be varied automatically 
according to each patient's response time as measured during a preliminary test (See 
below). In the latter case, the response period allowed after each stimulus presentation 
is a specified percentage of the patient's measured response time. The "response delay" 
setting of the CAMEC programs used in this research was kept constant at 1.0 seconds.
Size: The size of each rectangular stimulus can be varied in twelve steps from l x l  
pixels to 13 x 13 pixels on a 24.1 cm x 18.05 cm CRT screen, therefore, corresponding
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to 0.14 mm2 to 24.4 mm2 in Video Graphics Array (VGA, 640x480 pixels) resolution 
(1 pixel measures 0.38 mm x 0.38 mm) or 0.20 mm2 to 33.4 mm2 in Enhanced Graphics 
Array (EGA, 640x350 pixels) resolution (1 pixel measures 0.38 mm x 0.52 mm). These 
stimuli are selected for the working distance of 30 cm.
Intensity: The stimulus intensity is entered in the test program spreadsheet which is used 
as the look-up table by the personal computer. The intensity of the background is 
adjustable in the same way. The luminance intensity on the test CRT monitor which 
have a range of 64 levels of brightness can be varied independently for both the 
background and each stimulus. It is therefore possible to examine differential detection 
sensitivity by presenting light offset (decremental, negative contrast) static stimuli on 
a selected background.
The contrast (C) value of the offset stimuli on 10 cd/m2 background of the monitor is 
calculated using the "Weber's Luminance Contrast" formula42 which is acceptable for 
a small target on large uniform background420 such as CRT43 and recommended for 
perimetric stimulus definition purposes by the International Council o f Ophthalmology3:
ContrastWeber(Cw)= Stimulus Luminance - Background Luminance / Background 
Luminance
and that can also be converted to decibel (DB) contrast 421 (Figure 10):
C DB = 20 Log (-Cw)
Rectangular stimuli with sharp borders (square-wave) can be presented either as single 
contrast (intensity) or a minimum contrast (-4% = 28 dB) light grey followed by 
increasingly higher contrasts of static dark-on-bright (offset) stimuli until the stimulus 
is detected by the patient (single crossing threshold examination) at each test location.
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In order to achieve a reliable stimulus detection, the following factors are observed 
during testing with CAMEC as with conventional automated perimetry: 1) Selection of 
the appropriate trial lens; 2) Placing the patient in front of the monitor adjusting the 
height of the seat and the screen, ensuring good patient comfort; 3) Maintaining the 
right test distance; 4) Occluding the fellow eye; 5) Locating the perimeter in a darkened 
and quiet room.
Duration: CAMEC stimulus duration can be varied from 0.1 seconds to 10 seconds with 
0.1 second steps.
Coordinates: The CAMEC stimulus presentation coordinates on the Cathode Ray Tube 
(CRT) are entered into the test spreadsheet as degree meridian (ie 0 - 359 degrees) and 
degree eccentricity (i.e. up to 29 degrees). During the test, the eccentricity (°0  values 
are transposed to pixel coordinates on the CRT automatically by the computer by: 
Pixel distance from fixation = Test distance (mm) x Tangent / Pixel size (mm)
In order to achieve maximum coordinate precision, that transposition is conducted in 
reference to the central pixel of the moving fixation dot.
CAMEC Modules
The Logo module: When CAMEC is not in use, the screen shows a picture of an eye, 
with the written instruction to press the button on the joystick to commence the 
examination.
The Setup module: By means of written and auditory commands, the patient is 
instructed to keep the head straight and still, to cover the left eye and to press the 
button on the joystick when he or she is ready to start the examination.
The Response module: The patient is asked to press the button on the joystick as soon 
as a number of large black spots on the screen are seen. This test is performed three
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times and the average of the last two response times is calculated. This module may be 
activated optionally and was kept inactive during the research work described herein.
The Training module: A spot and a circle are displayed on different parts of the screen 
and the patient is asked to move the circle over the spot, using the joystick. When this 
task is successfully accomplished, the patient is reassured with the words "Well done!" 
and instructed to keep the circle over the spot as the ,latter meanders across the screen 
in an unpredictable fashion. Initially, the movement of the spot may be fast for the 
average person, but then slows down until the patient successfully maintains the circle 
over the spot for a specified proportion of the time. Once the speed of the fixation target 
is adjusted according to the patient's ability, the patient is advised to press the button 
when the stimulus appears. Four successive stimuli are presented, one in each quadrant. 
If any stimulus is correctly identified, the patient is reassured with the message "Well 
done!" and the examination begins. However, if the patient fails to position and 
maintain the circle over the moving fixation target or if none of the four stimuli are 
seen the test is aborted and the patient is advised to seek assistance. This module is 
compulsory and cannot be shut off at present. It lasts approximately 2.5 minutes.
The Calibration module: In CAMEC, different levels of stimulus brightness are obtained 
by selecting grey shades among the 64 available tones in VGA resolution. The 
calibration module allows the user to choose suitable colours or grey shades for the 
fixation point and circle, the background, and for each stimulus. The calibration 
software generates disc patterns on the screen with the ability to change the brightness 
or the colour of the disc pattern or the background by varying the intensity of each 
colour gun independently at 64 levels. Filled circles having a chosen radius are shown 
against the selected background. Calibration of various shades of grey can be achieved 
using a suitable photometer.
The Symbol module: The user can define up to 16 symbols for recording on the hard 
copy output the awareness of the various test stimuli. Each symbol has an array of 13
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x 13 pixels and is designed using the computer mouse.
The Result module: Results can be viewed on screen, saved on disc and printed, with 
the results of both eyes on a single sheet. Additional information includes patient 
details, test duration, number of false positive and false negative responses, and a table 
showing the meaning of the symbols.
Audit module: The duration o f each test and the time taken to complete the various parts 
of the test are automatically stored together with a summary of the examination results 
for subsequent analysis of the machine's performance.
CAMEC Test Programs
The test modules can be designed by the user by means of the spreadsheet and these 
can subsequently be modified. The following were designed for the investigative work 
solely by the author:
The 26-Point Screening Test: Twenty-six single-intensity stimuli are distributed 
throughout the central field (primary test locations), with additional four stimuli in the 
region of the normal blind-spot. If any stimulus other than one corresponding to the 
normal blind-spot is missed, it is presented a second time. W henever non-blindspot 
stimuli are missed more than once, additional (secondary) points are examined, which 
are located between seen and unseen primary stimuli (Figure 11). This strategy is 
designed to reduce the number of points examined in scotomatous areas whilst 
increasing the number of points examined at the margins of any detected defects, while 
minimizing the false alarm rate. The static dark stimuli were presented for 0.4 seconds 
and had the luminance intensity of 8 Apostilb (Asb) on a brighter background of 32 Asb 
(10 cd/m2), therefore creating a Weber's Contrast of -76%. The stimulus size is 
eccentricity compensated, becoming larger towards the periphery, with a rectangular 
surface area of 1.8 mm2 up to 10 degrees, 3.1 mm2 between 10 and 20 degrees and 4.9
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mm2 beyond 20 degrees from the fixation. The 26 point examination is completed in 
4 minutes if all stimuli are seen. W hen a visual field defect is present, an additional 
4-5 seconds are necessary for the re-test of each primary stimulus or the addition of a 
secondary stimulus, provided that the patient has good dexterity.
The 76-Point and 54-Point Screening Tests: These two programs had identical test grids 
to Humphrey Visual Field Analyzer (VFA) C30-2 and C24-2 programs respectively. 
Additional 4 stimuli were presented within the physiological blind spot. No secondary 
stimuli were employed. The stimulus sizes were eccentricity compensated, measuring
1.8 mm2 up to 10 degrees, 3.1 mm2 between 10 and 20 degrees and 4.9 mm2 beyond 
20 degrees from the fixation. Four stimulus contrasts of -76% (2.4 dB), -37% (8.6 dB), 
-22% (13.2 dB) and -10% (20 dB) on 10 cd/m2, and also two stimulus contrasts of -76% 
and -22 % on 100 cd/m2 were selected, using EGA graphics, each being available as a 
single stimulus intensity for either test grid.
The 54-Point Threshold Test:,The. retinal sensitivity at 54 primary points (Program 24-2 
test grid of Humphrey VFA) in the central field is measured with increasing contrast 
levels of offset stimuli. An ascending staircase single-crossing threshold strategy with 
approximately 2-decibel steps are used. In that strategy, the test starts with the lowest 
contrast (lightest grey) stimulus and the contrast is increased after reproducible miss of 
each intensity until the stimulus is either seen or the highest contrast (black) stimulus 
is missed (Table 1).
2.4.1. Temporal variation in CRT Background Luminance
For calibration, the luminance of the CRT surface was measured at 36 (6 x 6) locations 
using a photometer (Minolta nt-1), using CAMEC Calibration Module. The VDU used 
in the study did not have any additional voltage regulator and the spectral composition 
(colour temperature) of the gray tones used in the study was not measured. Although
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it is possible to maintain a fixed level of light intensity on a CRT from day to day 
automatically using an electronic feed-back circuity attached to a lightmeter422, the 
screen background intensity adjustment was made manually every time the monitor was 
switched on.
Measurements were made immediately after switching the CRT mains on, within the 
first few minutes, on grey shade number 40. Measurements were repeated in 1/2 hour 
and 1, 2, 3, 4 and 6 hours later. To provide standardization, monitor 'Brightness' and 
'Contrast' adjustments were always kept at the same level. The luminance values and 
their variation were evaluated according to the locations on the screen where the 
measurements were performed. These locations were grouped in 4 concentric zones, 
namely the centre, inner, intermediate and outer zones.
2.4.2. CRT Luminance Variation with M onitor 'Brightness' Setting
The standardization of stimulus intensity for the same patient or between the patients 
on repeat examination is possible only by generating same amount of brightness on 
different test occasions using a given grey shade. The 'Brightness' and 'Contrast' settings 
of a CRT monitor are of crucial importance in attaining a selected brightness level. The 
effects of these settings were investigated in the monitor used for the clinical testing of 
the patients.
Luminance measurements were made at 36 locations for each o f the 64 shades (numbers 
0-63) of grey available. The mean value is calculated for each grey shade at brightness 
settings of minimum, medium (half-way) and maximum. The 'contrast' setting was 
always kept at its minimum.
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2.4.3. Stimulus Brightness Selection on a CRT
Theoretically, a small patch of any grey shade presented on another shade should 
maintain the same amount of luminance indicated in the curve. Does any dark grey 
shade presented on a brighter shade, or vice versa, really produce the expected 
luminance? In order to answer the question, grey shades 0 - 4 0  were presented as 1.5 
cm diameter disc patterns on a bright background (shade #37; 10 cd/m2) and also on 
a dark background (shade #1; 0.3 cd/m2), using the calibration module (see Chapter 2.4). 
The brightness of the same numbers of grey shades was measured against two different 
backgrounds.
2.4.4. Topographical Variation in CRT Luminance and Image Contrast
The photometric measurements of the CRT employed in clinical testing were made in 
a 6 x 6 grid of circular grey patterns of 1.5 cm diameter on a three different and 
seemingly uniform brighter backgrounds of 3 cd/m2, 10 cd/m2 and 100 cd/m2. A total 
of six points were measured around each disc and averaged as the background intensity. 
Also the luminance inside each disc was recorded as the stimulus intensity.
2.4.5. Temporal Variation in Stimulus Duration
Of critical importance in any computer-based CRT display system is the accuracy of the 
input display timing obtained117. The stimulus duration is controlled by an 'internal 
timer' in the computer. As the computer's 'internal timer' has an operating frequency of 
18.2 Hz, the precision of the stimulus durations is expected to be limited to +/- 0.055 
seconds. During the test, the software program loops while moving the fixation target, 
the elapsed time is checked and if it is found greater than the preset duration then the 
stimulus presentation is postponed. That initiates a new loop in attempt to re-generate
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the cancelled stimulus with more accurate timing. In that way, homogeneity and 
standardization are achieved at least partially in stimulus duration.
The real-time accuracy of stimulus durations was tested using an additional software 
program to record the 'internal timer* operation and the time periods in which stimulus 
presentations took place. The internal timer operation duration of 100 consecutive 
stimuli were recorded by for four different preset desired 'stimulus duration' values; 0.1 
second, 0.2 second, 0.4 second and 0.6 second, using the software by M r J McGarvie. 
No actual physical measurements of stimulus durations were made on the CRT screen.
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2.5. Fixation Control with Dynamic and Static Fixation in Children
The aim of this study was to evaluate the ability of the dynamic fixation and offset 
stimuli of CAMEC to detect the physiological blind spot and to maintain fixation in 
children.
A total of 32 normal eyes (19 right, 13 left) of 32 consecutive patients (15 boys, 17
i
girls) aged 4-10 years (mean 5.8+/-1.5 years) who were attending the Orthoptic Clinic 
were included in this study (Figure 12). All eyes had a visual acuity of 6/9 or better. 
Each eye was examined by both the Dicon Autoperimeter fitted with a video fixation 
monitor (Cooper-Vision Inc., USA) and CAMEC. Each patient was tested with both the 
'Blind Spot Program' of DICON, which presents 13 stimuli in a 5x7 degree area at the 
blind spot location and an additional eight stimuli in the surrounding periphery (i.e., 
total 21 stimuli), and a similar CAMEC 'Blind Spot Test Program' which presents 14 
stimuli in the blind spot (Figure 13). The parameters of both techniques used in the 
study are given in Table 2.
The order o f the two tests were selected randomly for all cases. Sixteen eyes were tested 
with Dicon first and 16 eyes were tested with CAMEC first. Both tests were operated 
by the author in the presence of at least one parent. All patients were initially given the 
demonstration program of each method during which they were also reminded 
repeatedly to look at the fixation target only. Once the child was familiar with the 
requirements of the test procedure, the examination was performed without any further 
intervention.
The percentage ratio of the number of missed stimuli to the total number of stimulus 
presentations in the blind spot area was the test score for each technique. The scores 
from the two field test methods were compared using the Wilcoxon signed-rank test 
(Statistical advice was provided by Dr D.Keating).
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2.6. Dynamic Fixation with Single Intensity Static Offset Stimuli in 
Screening for Neuro-ophthalmic Visual Field Loss
The usefulness of CAMEC and single intensity high contrast static offset stimuli in the 
recognition of neuro-ophthalmic visual field defects have been investigated and the test 
sensitivity, specificity and efficiency were determined against standard Goldmann 
Perimetry. The visual fields of 107 patients (52 females and 46 males), aged 9-78 years 
(mean 42 years) with corrected visual acuity better than 6/36 (<+/- 7.00 dioptre 
spherical equivalent) were tested using routine Goldmann perimetry and the CAMEC 
26-Point Screening Program with -76% contrast single intensity offset stimuli in the 
neuro-ophthalmology clinic. The spatially adaptive test grid for eccentricity compensated 
offset stimuli consisted of 26 primary test locations and four additional stimuli are 
presented to locate the physiological blind spot (Figure 14). According to the patient 
responses (push-button registry) to the primary stimuli, the secondary stimuli whose 
coordinates are pre-registered in the test program spreadsheet are selected and added 
automatically by the computer in between the 'seen' and reproducibly 'missed' primary 
stimuli to define the borders of the detected abnormality in an economical manner. The 
order of the two examinations was selected randomly. The technician (author) remained 
in the room while the CAMEC test is in progress and monitored the patient's fixation 
also. Occasional reminders to maintain fixation were also provided.
Goldmann Perimetry was performed, as part of routine patient care, by qualified 
optometrists on all patients, using standard kinetic stimuli (size I = 0.25 mm2) and filter 
combinations of 2e (100 Asb), 3e (320 Asb) and 4e (1000 Asb, maximum intensity) 
with additional static spot-checks inside the isoptres. A rest interval of 10-15 minutes 
was allowed between the Goldmann and CAMEC tests to minimize patient fatigue. The 
results with two or more reproducibly 'missed' adjacent single intensity offset stimulus 
locations were regarded as abnormal413,423. The Goldmann perimetry findings were 
evaluated and the abnormalities defined in the clinic by various neuro-ophthalmology 
staff who were unaware of the field status to the offset stimuli. A comparison was made
86
between the results from both types of tests to determine the sensitivity and specificity 
of the offset stimulus design later. The efficiency (time requirement) of CAMEC test 
was evaluated also.
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2.7. A Comparison of Single Intensity Static Offset Stimuli with the Onset 
Stimuli of Humphrey VFA in Glaucoma
In this study, the scotoma detection sensitivity and specificity of single intensity offset 
perimetric stimuli of varying contrast on a cathode ray tube are compared with 
conventional light onset stimuli of the Humphrey Visual Field Analyzer in glaucomatous 
eyes, using the STATPAC empirical probability maps as the gold standard. The 
detection thresholds in terms of Humphrey Visual Field Analyzer decibel values have 
also been established for different contrasts of offset stimulus.
Twenty-five glaucomatous eyes (17 right and 8 left) of 25 perimetrically experienced 
primary open angle glaucoma (POAG) patients (13 male and 12 female), aged between 
35 - 82 years (Mean 68 years) were included in the study. All eyes had 6/6, N5 or 
better visual acuity with correction less than ±7.00 dioptres spherical equivalent, no 
media opacities and normal (3-6 mm) pupils. None of the patients suffered from 
non-glaucomatous ocular disorders or systemic disease. Four offset stimulus contrasts 
of -76% (n=25 eyes), -37% (n=14 eyes), -22% (n=25 eyes) and -10% (n=9 eyes) on 10 
cd/m2 and also two stimulus contrasts of -76% (n=10 eyes) and -22% (n=10 eyes) on 
100 cd/m2 were selected for single intensity testing. These were the only suitable gray 
tones of the EGA graphics software of CAMEC in giving a useful stimulus range. These 
offset stimulus contrasts were presented on a 10 cd/m2 background for 0.2 seconds. 
Tests were performed with single intensity stimuli as separate examinations in a 
random order, using CAMEC 76-Point Screening Test (Figure 15) and either before or 
after the Humphrey 30-2 threshold test. Both CAMEC and Humphrey VFA tests were 
administered by the author. All patients had prior demonstration /  training which 
involved the recognition of the offset stimuli for each test. Patient fatigue was 
minimized with ample rest periods during and between the test sessions. All tests for 
each individual were performed with full aperture near correction at a 30 cm test 
distance and completed on the same day.
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2.7.1. The Sensitivity and Specificity of Offset Stimuli in Glaucoma
The Humphrey STATPAC 'empiric probability (p) values' as well as the offset stimulus 
detection status, ('seen' or 'missed') for each contrast at the corresponding test locations 
were compared at eccentricity annuli bands of 4-9 degrees, 10-20 degrees and 20-28 
degrees using the 'Minitab' statistical software package. The sensitivity and specificity 
of the different offset stimulus contrasts were studied by performing point-by-point 
comparisons between the Humphrey 'Total Deviation' (TD), 'Pattern Deviation' (PD) 
plots and CAMEC results, except the test locations above and below the physiological 
blind spot. The threshold results showing significant depression in 'TD' and 'PD' plots 
beyond 95% confidence interval (shown with STATPAC symbols representing p < 5%, 
2%, 1% and 0.5%) were categorized as representing the visual field abnormality and the 
remaining locations (inside 95% confidence interval, p > 5%) were considered healthy 
parts of the visual field.
2.7.2. Detection Thresholds for Offset Stimuli in Glaucoma
The decibel threshold values on the numeric map of Humphrey VFA and the offset 
stimulus detection status ('seen' or 'missed') for each contrast at the corresponding test 
locations were compared at three eccentricity annuli bands of 4-9 degrees, 10-20 degrees 
and 20-28 degrees, excluding the test locations above and below the physiological blind 
spot.
The retinal sensitivity levels in terms of Humphrey decibels have been determined for 
all contrasts and sizes of offset stimuli as the detection thresholds above which 70% of 
the 'seen' and below which 70% of the reproducible 'missed' responses were recorded 
by CAMEC.
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2.8. Detection Thresholds to Static Offset Stimulus and The Effect of 
Refractive Blur
The normal detection threshold values to light decrements on a CRT monitor are 
defined at different eccentricities along the nasal horizontal meridian of the normal 
central visual field and the effect of refractive blur on the visual sensitivity to various 
sizes of offset stimuli is described.
The right eyes of five perimetrically experienced healthy male individuals (mean age
28.8 yrs.; range: min. 25 yrs., max. 33 yrs.) were included in the study. All eyes had 
at least 6/5, N5 visual acuity with correction, normal pupils ( 3 . 5 - 5  mm in diameter) 
and normal visual fields with Humphrey Visual Field Analyzer Threshold Program 24-2.
The detection thresholds were determined at 6°, 12°, 18°, 24° and 30° eccentricity from 
fixation along the nasal horizontal meridian. At each eccentricity, the stimuli were 
presented at two locations above and below the nasal horizontal meridian with 4° 
vertical separation (Figure 16). Therefore, the final detection sensitivity at each 
eccentricity was represented by the average of two threshold crossings. Measurements 
were repeated with rectangular stimuli sizes of both 4 mm2 and 16 mm2 (Goldmann 
equivalent sizes III and IV respectively) at four different Snellen near visual acuities of 
6/6, 6/12, 6/24, 6/60 (measured with 'Rosenbaum Pocket Vision Screener', Cleveland, 
Ohio) in 30 cm. test distance with full aperture correction. The average amount of full 
aperture corrections required to achieve visual blur and various acuity levels have been 
shown in Table 3. Each threshold test took 3 - 4  minutes. All 8 tests were completed 
on the same day with a few minutes of rest intervals between the sessions for each 
subject.
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2.9. Topographical Reproducibility of Small Scotoma with Computerized 
Dynamic Fixation and Offset Stimuli
The dimensions of the physiological blind spot as a model of small scotoma to light 
offsets and the topographical reproducibility of detected scotomas on repeat examination 
using computerized dynamic fixation method are investigated.
The normal right eyes of 10 perimetrically experienced healthy individuals, 8 male, 2 
female, mean age 30.6 yrs. (range: min. 23 yrs., max. 44 yrs.), were included in the 
study. All eyes had at least 6/5, N5 visual acuity with correction (<±7.00 spherical 
equivalent).
The offset test stimulus has been adjusted to present Weber's contrast polarity of -15% 
(i.e., 17 dB) contrast on 10 cd/m2 background intensity. That stimulus contrast is 
suprathreshold in the normal central visual field and its non-detection indicates 
abnormally low sensitivity. The stimuli were presented in the each 'blind spot test 
program grid' with 1 degree resolution (Figure 17). Each eye was tested twice to docu­
ment the fluctuation of the results. Each 'blind spot test' takes 11-15 minutes to 
complete, depending on the size of the blind spot and the individual level of dexterity 
in joystick manipulation. Tests were completed on the same day with adequate rest 
intervals during and between the tests to minimize patient fatigue.
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2.10. Detection Thresholds to Light Offsets in Normals, Ocular Hypertension and 
Primary Open-Angle Glaucoma
Threshold evaluations were performed in the central visual field using offset stimuli 
with dynamic fixation and onset stimuli with static fixation to establish the sensitivity 
and specificity of each method against the other. The differential detection thresholds 
to light onsets and offsets were measured using the Humphrey Visual Field Analyzer 
and CAMEC respectively. The results from the equal sizes and durations of static 
threshold light onset and offset stimuli in the central visual fields of normal, glau­
comatous and ocular hypertensive eyes were compared. The relationship between visual 
sensitivity to both types of stimuli was established in both normal and glaucomatous 
abnormal visual fields as well as ocular hypertensive eyes.
The conventional perimetry was performed using the full threshold test program 24-2 
of the Humphrey Visual Field Analyzer (Humphrey Instruments, San Leandro, CA). The 
threshold determinations to the offsets were performed with CAMEC 24-2 threshold 
program. Since the joystick use significantly prolongs the duration of CAMEC 
examination among the elderly (see Chapter 3.6.) and the attention required for the 
maintenance of that central visual-motor task may influence the peripheral detection 
thresholds in all age groups, in this study, the joystick was manipulated and the fixation 
was monitored by the operator (author) in order to prevent any attenuating influence 
of joystick use on patient vigilance required for the detection of light offsets. Threshold 
examinations with light offsets and onsets were performed using identical test grids 
(Program 24-2, 54 locations), stimulus size (Goldmann-IV equivalent=16 mm2) and 
duration (0.2 second). All subjects had prior demonstration involving the recognition of 
the light 'onsets' and 'offsets'. Both tests were administered by the author in a random 
order and completed on the same day. Patient fatigue was minimized by several rest 
intervals during and between the tests.
Twenty-one patients with primary open angle glaucoma (POAG) and 21 patients with
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ocular hypertension (OHT) attending the glaucoma clinic, and 13 age-matched normal 
individuals (hospital workers and the patients' friends) were tested with both techniques. 
The eyes constituting the diseased and control groups were included in the study 
according to the selection criteria given in Table 4. If both eyes of the subjects satisfied 
the criteria, only one eye was selected randomly. In the presence of asymmetrical 
cupping between the two eyes of ocular hypertensive subjects, the eyes with higher cup 
to disc ratio were enrolled. None of the subjects suffered from non-glaucomatous ocular 
disorders or any systemic disease. Highest IOP recording without treatment was used 
for assessments. To prevent bias, cup-to-disc ratio was determined for each eye by 
independent clinicians as part of routine patient care at clinic before the tests. M ore than 
6 decibels (dB) sensitivity loss at two or more adjacent test points, or at least 10 dB 
sensitivity loss at one test location on the results from the Humphrey ST ATP AC were 
regarded as representative of visual field abnormality424. The following logistic 
regression model formulated by Hart et. al.425 and which uses a weighted combination 
of patient age, intraocular pressure (IOP), cup to disc ratio (CDR) and family history 
(FH) for glaucoma to estimate the 'risk of developing visual field loss' (RDVFL) was 
used to calculate the glaucoma risk for each individual included in the study.
RDVFL = 1
^  _j_ g(Factors)
Factors = [14.64 + (-1.48 x FH) + (-12.20 x CDR) + (-0.16 x IOP) + (-0.07 x AGE)]
The tests were performed with full aperture near correction for 30 cm test distance. The 
visual field threshold results were printed-out automatically by the computer at the end 
of each test.
The visual field test results from each method were evaluated according to the 
individual test points as well as the global visual field indices. Firstly, 95% confidence 
intervals (Cl) of the decibel (dB) threshold values were calculated for each of the 52
test points constituting the test grid (excluding the two test locations above and below 
the physiological blind spot) in the control population, using a commercially available 
statistical software package (Minitab). 'Non-parametric sign test for median' was used 
for Cl calculations. The threshold values below the lower 95% Cl limit for each test 
point were regarded as abnormal locations in the visual fields of control, OHT and 
POAG populations.
Secondly, global visual field scores for both 'onset' and 'offset' stimuli were calculated 
for each eye according to the global visual field index formulas of 'Mean Sensitivity' 
(MS), 'Mean Defect' (MD) and 'Loss Variance' (LV)99. The age expected threshold 
values used in the formulas for global field indices were determined using regression 
analysis of threshold results against the patient age for all of the individual test points 
in the control group.
The 95%, 98% and 99.9% Cl were also established for 'MD' and 'LV' in the control 
group, using non-parametric sign test for median. The global field index values below 
the lower confidence limits are regarded abnormal. Statistical comparisons o f the results 
were made with Mann-Whitney Test.
94
Part 3. RESULTS
The fewer the facts the stronger the opinion. 
[Andy Warhol]
3 .1. Light Offset Stimuli and Dynamic Fixation on Bjerrum Screen
3.1.1. Meridional Hill of Vision to the Offset and Onset Stimuli
The disappearance eccentricities of the offset stimuli in the meridian tested were 
significantly smaller than those of the onset stimuli of equal size (Non-parametric Sign 
Test for paired data, p<0.05)(Figure 18).
3.1.2. The Effect of Variation in Illumination on Offset and Onset Stimuli
The percentage increase in white-on-black onset stimulus disappearance eccentricity was 
significantly more than that of black-on-white offset stimulus (Non-parametric Sign Test 
for paired data, p=0.0156). Increasing the ambient illumination from 13 lux to 400 lux 
increased the isoptre of the onset stimulus by 59% and the isoptre of offset stimulus by 
36% (Figure 19).
Similarly, the eccentric visibility change due to illuminance variation was significantly 
more for the white-on-grey onset stimulus than that the black-on-grey offset stimulus 
(p=0.0078). At the higher ambient illumination, the offset and onset stimuli 
disappearance eccentricities increased by 75% and 117% respectively (Figure 20). 
Isoptre increases of offset stimulus and onset stimulus on grey background were 
significantly more pronounced than those of offset stimulus on white background 
(p=0.0156) and onset stimulus on black background (p=0.0078).
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3.2. Clinical Evaluation of Dynamic Fixation and Constantly Exposed Offset
Stimuli in the Detection of Glaucomatous Visual Field Loss
3.2.1. Constantly Exposed Offset Stimulus of 1.5 mm. Diameter
All patients were able to complete the test. At least one test location causing
i
reproducible disappearance of the stimulus was required to consider the test result 
abnormal (i.e. positive). The OKC test was positive in 45% of eyes with only relative 
visual field loss (Stage 1), 81% of eyes with small absolute scotomas separate from the 
blind spot (Stage 2) and 100% of eyes with more extensive absolute visual field defects 
connected to the blind spot (Stages 3 and 4). When the results were categorized 
according to the severity of field loss in the worse eye, the OKC result was positive in 
51% of patients with only relative field loss, 86% of patients with small absolute defects 
and 100% of patients with large absolute defects extending to the blind spot (Figure 21).
Three control subjects were found to have unequivocal visual field loss on conventional 
perimetry and were excluded from the study. The results were considered according to 
age groups and are summarized in Figure 22. The false positive result rate was 1% in 
patients under the age of 60 yrs, 9% between the ages of 60 - 70 yrs and 13% over the 
age of 70 yrs.
A sub-group of 95 eyes of 66 patients attending the glaucoma clinic had no evidence 
of glaucomatous visual field loss in one or both eyes on conventional perimetry. These 
eyes had ocular hypertension and/or abnormal optic disc appearances or definite 
glaucoma in the fellow eye. In this group, an abnormal OKC result occurred in 24% of 
eyes and was more common in patients older than 60 yrs of age (8% v.s. 30%; p<0.01, 
chi-square test)(Figure 23) and in eyes with a visual acuity of less than 6/6 ( 6.4% v.s. 
41.7% ; p<0.01, chi-square test) (Figure 24). The OKC positive result rate is shown 
according to age in Figure 25.
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There were 38 eyes (30%) with a glaucomatous visual field defect which was missed 
with OKC. In four eyes the depth of the relative scotoma was less than 5 decibels(dB) 
and would not universally be regarded as unequivocal field loss409,426. In 26 eyes the 
field loss was relative and deeper than 4 dB in the central 15 degrees. Two eyes had 
small absolute scotomas within the 15 degrees, which were missed because they were 
situated in between the points examined by the OKC chart. In a further six eyes, the 
visual field defects were more than 15 degrees from fixation.i
The cartographic results of the glaucomatous eyes showing visual field loss to 
conventional perimeters were compared topographically to those from OKC among 
those who produced a true positive OKC result (n=89 eyes), using transparent overlays 
of OKC test coordinates. The ratio of the-number of OKC test locations producing an 
abnormality to the total number of OKC locations falling inside the scotomas on 
conventional results was calculated for each eye and named 'topographical index' (T.I.). 
The OKC abnormalities were more widespread (T .I>1.0) than the conventional 
scotomas in 17% (15/89) of the eyes. The OKC and conventional field defects were of 
equal size (T I.=  1) in 20% (18/89) of the true positive OKC results. In the remainder 
63% (56/89) of the eyes, abnormal OKC results reflected smaller scotomas (TI<1) than 
those to the conventional visual field tests, suggesting underestimation of the 
topographical extent of the scotomas.
The Friedman Analyzer test results from glaucomatous eyes which also gave OKC 
abnormality (n=47) were used to further determine the equivalent light sensitivity 
required for non-detection of 1.5/400 offset stimulus on OKC chart. In that, transparent 
overlays with OKC coordinates were used to tally missed and seen OKC test locations 
in relation to Friedman cartograph in each eye. The percentage missed offset stimuli was 
plotted against each retinal light sensitivity value on Friedman result ('frequency of 
seeing' curve) for eccentricity bands of 13° (OKC Points 1 - 17), 9° (OKC Points 18 - 
22) and 5° (OKC Points 23 - 26). Inside the absolute scotomas, the offset stimulus of 
OKC was missed with 81% frequency at 13°, with 40% frequency at 9° and with 33%
97
frequency at 5° eccentricity. The equivalent light sensitivity required for 50% non­
detection of black stimulus could be identified only at 13° and that was 0.8 - 1.0 log 
unit (100 - 159 Apostilb) (Figure 26).
3.2.2. Constantly Exposed Offset Stimulus of 3.0 mm Diameter
In the second phase of the study, the OKC test was performed with a 3 mm stimulus 
to determine whether the specificity could be improved without a significant reduction 
in sensitiyity above 60 years of age.
In the sample of abnormal eyes, the OKC test result was positive in 33% of eyes with 
relative defects only (Stage 1), 56 % of eyes with absolute scotomas separate from the 
blind-spot (Stage 2), 80% of eyes with arcuate defects extending to the blindspot (Stage 
3) and all eyes with altitudinal defects (Stage 4) (Figure 27). None of the 13 'glaucoma 
suspect' eyes of 13 patients produced an abnormal OKC result. None of the control 
cases produced a false positive OKC test result.
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3.3. Constantly Exposed Offset Stimulus with Dynamic Fixation in Detection of 
the Blind Spot as a Model of Small Absolute Scotoma
W ith Chart A, which had one fixation target corresponding to the blind spot, a 
non-fluctuating positive result was obtained in 75/138 eyes (54%); a fluctuating positive 
result occurred with 14/138 eyes (10 %); and a false negative result occurred with 
49/138 eyes (36 %).
W ith Chart B, which had two fixation targets corresponding to the blind spot, a 
non-fluctuating positive result with one or both targets was obtained with 102/134 eyes 
(76 %); A non-fluctuating positive result occurred with one target only in 20/102 eyes 
(20 %) and with both fixation targets in 82/102 eyes (80%). W ith 12 eyes (9 %), a 
fluctuating positive result only was obtained with one or both fixation targets. A false 
negative result occurred with 20/134 eyes (15 %) (Table 5).
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3.4. Computer-Assisted Moving-Eye Campimetry (CAMEC)
3.4.1. Temporal Variation in CRT Background Luminance
With repeated luminance measurements over time, the average CRT screen luminance 
within five minutes after switching on was 10 cd/m2. The luminance rapidly increased 
within the first 30 minutes at all zones, reaching to 11.8 cd/m2, the 97% of the final 
average level. There was little increase in the luminance afterwards, measuring a mean 
of 12.0 cd/m2 (98% of final) in 1 hour and 12.2 cd/m2 (100%) in 2 hours. The average 
luminance remained steady thereafter. It appeared that the average screen luminance was 
highest at the centre, decreasing gradually towards the edges of the screen (Figure 28). 
Repeat measurements performed on different days produced similar results.
3.4.2. CRT Luminance Variation with Monitor 'Brightness' Setting
The overall screen luminance increased gradually with lighter grey shades. The 
luminance curve displayed a shift to higher levels and became more linear with 
increasing 'brightness' setting. That change affects the amount of the light differences 
(steps) between the grey shade levels at different settings, having a direct impact on 
stimulus and background compositions and their contrast values (Figure29). The same 
experiment was repeated further at minimum level of 'brightness' and various levels orf 
'contrast' settings. A similar variation in luminance curve was noted.
3.4.3. Stimulus Brightness Selection on a CRT
When the grey shades 0 - 40 were presented as 1.5 cm diameter disc patterns on a 
bright background of 10 cd/m2, the luminance values became higher then expected
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(Figure 30). When the background was 0.3 cd/m2, the brightness of each grey shade 
became less then expected.
3.4.4. Topographical Variation in CRT Luminance and Image Contrast 
Background measurements revealed topographical luminance irregularities, reaching -
i
11% to +16% of the mean screen luminance of 10 cd/m2. When the measurements were 
repeated for higher and lower background levels, topographical luminance irregularities 
were -17% to +15% of the 100 cd/m2 background and -8% to +17% of the 3 cd/m2 
background. At three different background levels, the pattern of irregularity was 
constant. Identical variations were observed for the stimulus luminance.
The stimulus and background intensities varied equally from one location to another 
across the CRT surface. That indicates that the stimulus to background luminance ratio 
remained constant at different locations, therefore, protecting the Weber's contrast and 
visibility of the stimuli (Weber's Law) irrespective o f topographical fluctuations in CRT 
brightness (Figure 31).
3.4.5. Temporal Variation in Stimulus Duration
The average stimulus duration determined by registering the internal clock response was 
found to be longer than those preset values entered in the test spreadsheet. The amount 
of prolongation in the stimulus period varied according to the preset value. For the 
shortest preset value of 0.1 second, the average stimulus duration was 66% longer. The 
prolongation in the mean duration became less obvious with higher preset values and 
was +42% for 0.2 second, +20% for 0.4 second, and +10% for 0.6 second. (Table 6). 
These values represent the temporal variation in stimulus duration as a matter of internal 
clock response registry rather than a physical measurement of the actual stimulus
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durations on the screen which may also be influenced by the phosphor persistence/decay 
time of the individual CRT used.
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3.5. Fixation Control with Dynamic and Static Fixation in Children
Twenty-four of the 32 children performed and completed both tests successfully. The 
details o f the patients who could not cooperate sufficiently on either test and the number 
of abandoned tests are given in Table 7.
Among the 24 patients who successfully completed both tests, the blind spot was 
detected in 18 eyes (75%) by the Dicon Auto-Perimeter and in 24 eyes (100%) by 
CAMEC. The full scores from all patients are shown in Figure 32.
The blind spot detection scores were significantly higher with CAMEC (mean 61.0%, 
SD 22.5%, range 14-100%) than with the Dicon Autoperimeter (mean 26.6%, SD 
24.1%, range 0-77%)(Wilcoxon test, p<0.001).
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3.6. Dynamic Fixation with Single Intensity Static Offset Stimuli in 
Screening for Neuro-ophthalmic Visual Field Loss
One hundred and sixty nine eyes (87 right and 82 left) from 98 patients who completed 
both the Goldmann and CAMEC screening tests were included in the evaluation. The 
26-point test had to be abandoned in the remaining 9 patients (8%) due to lack of 
cooperation, and these patients were excluded from the analysis. Six patients (6%) could 
complete the screening test only with continuous assistance with the joystick; however, 
the results from these patients were included in the study.
Goldmann perimetry revealed visual field abnormalities in 110 eyes (57 right, 53 left) 
of 75 patients, but interpreted within the normal range in 59 eyes (30 right, 29 left). 
Neuro-ophthalmic conditions of the patients are listed in Table 8. The field defects 
indicated by Goldmann perimetry were quadrantanopia in 21 eyes, hemianopia in 27 
eyes, constriction (partial/generalized) in 54 eyes, altitudinal defect in 4 eyes and arcuate 
and paracentral defects in 4 eyes.
The 26-point test produced normal results in 87% (26/30) and 86% (25/29) of the right 
and left eyes respectively with normal Goldmann perimetry results (true negative 
rate=specificity). The offset stimuli also revealed the Goldmann visual field defect in 
88% (50/57) and 91% (48/53) of the right and left eyes respectively (true positive 
rate=sensitivity) (Figure 33). The distribution of the abnormal results from both offset 
and onset stimuli according to visual acuity were similar, suggesting no apparent 
discrepancy in the influence of low visual acuity on high contrast (i.e. black) offset 
stimuli and conventional light stimuli (Figure 34).
In order to document the topographical correspondence between visual field defects 
shown by both type of stimuli, those defects identical in location and extent in the 
central visual field were categorized as a 'good' correlation. If the location or the size 
of the defects differed slightly in the two tests, the correlation was 'fair'. A discrepancy
in both the location and extent of the defects indicated a 'poor' correlation. The 
subjective comparative evaluation of the results showed a good or fair degree of 
topographical correlation between the defects in 49 % and 33 % of the eyes 
respectively. For example, an inferotemporal partial quadrantanopia in the right and 
normal visual field in the left eye of a 66 year old male who had craniopharyngioma 
excision several years ago were revealed by CAMEC (Figure 14). The field loss to the 
offset stimuli extends to the superotemporal quadrant along the vertical meridian, 
causing 'fair' degree of correspondence to that obtained by the luminous stimuli of 
Goldmann perimeter. Only 17% of the results from the offset stimuli indicated a 'poor' 
correlation and in one case, there was no correlation between the recorded abnormal­
ities.
The duration (efficiency) of the 26-point screening test was studied further using a 
statistical software program (Minitab Inc, USA) and Pearson's product moment 
correlation (parametric) test and linear regression analysis. The data used satisfied the 
criteria o f normal distribution427 and met the conditions for a linear relationship between 
the parameters428,429 including the random distribution of y residuals430. In unilaterally 
and bilaterally tested individuals with normal visual field, the average test duration 
under computerized dynamic fixation monitoring was 550 seconds and 695 seconds 
respectively. When a visual field defect was present in one or both eyes, the average 
duration was longer with a mean value of 751 seconds and 1170 seconds respectively 
(Table 9). The duration of the 26-point screening test also extended with increasing 
patient age, both with bilaterally normal (n = 22, r = 0.45, p = 0.037) and abnormal (n 
= 36, r = 0.45, p=0.005) visual fields (Figure 35). Regression analysis predicts the 
estimated test duration (T.D.) for bilaterally normal fields as T.D. (Seconds) = 577 + 
(3.35 x AGE) and for bilaterally abnormal fields as T.D. (Seconds) = 828 + (9.46 x 
AGE).
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3.7. A Comparison of Single Intensity Static Offset Stimuli with the Onset 
Stimuli of Humphrey VFA in Glaucoma
3.7.1. The Sensitivity and Specificity of Offset Stimuli in Glaucoma
ST ATP AC evaluation of the decibel threshold values revealed relative scotomas in 11 
eyes (Aulhom-Karmeyer Classification, Stage 1), small isolated absolute scotomas in
i
10 eyes (Stage 2) and absolute scotomas connected to the blind spot in 4 eyes (Stage 
3) with the mean global visual field indices of -5.2 dB Mean Defect (MD); 6.1 dB 
Pattern Standard Deviation (PSD); 5.4 dB Corrected Pattern Standard Deviation (CPSD); 
and 2.2 dB Short Term Fluctuation (STF). The reliability indices from all Humphrey 
threshold results were within the normal range (i.e. fixation losses < 20%, false answers 
< 3 3 % of total attempts). The cumulative frequency of involvement of the test locations 
in the 'Total Deviation' and 'Pattern Deviation' plots is shown in Figure 36.
All four contrasts of static offset stimuli indicated the abnormal areas in the central 
visual fields of one glaucomatous eye as shown in Figure 37. In general, lower contrasts 
of offset stimuli delineated more extensive visual field abnormalities and displayed 
abnormal areas which were not detected by the light stimulus and ST ATP AC (Figure 
38). The highest contrast (-76%, black) stimuli and the lowest contrast (-10%, light 
grey) stimuli identified the normal and abnormal points respectively with the best 
accuracy at all eccentricity bands. For instance, the black (-76% contrast) stimulus 
identified 93% of the normal locations (true negative rate=specificity) in 'PD' plots as 
such with a false positive rate of 7% within 10 degrees from fixation; however, its true 
positive rate (detection of abnormality=sensitivity) for glaucomatous loss was only 49% 
in the same area. Both the true and false positive rates increased with increase in 
eccentricity. The true positive rate improved with lowering offset stimulus contrast and 
reached to 86% at -10% contrast with a higher 'false positive' rate of 35% within 10 
degree eccentricity. That relationship between the offset stimulus contrast and the 
detection rates was evident at all eccentricities (Figure 39).
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3.7.2. Detection Thresholds for Offset Stimulus in Glaucoma
The full results from 10 cd/m2 and 100 cd/m2 are given on Tables 10 and 11. The 
retinal sensitivity levels required for the detection of all four contrasts of offset stimuli 
in the selected sizes were lower than the normal retinal sensitivity values for the mean 
age of the study group90 and, therefore, designed offset stimuli were supra-threshold 
(Figure 40). Lower contrasts of offset stimuli required higher retinal sensitivity for their
I
detection. Decreasing the stimulus contrast to -10% from -76% on 10 cd/m 2 background 
caused an increase in the offset stimulus detection threshold for 2.6-3.5 Humphrey 
decibels (dB) (at 6 and 28 degree eccentricity respectively). Increasing the background 
luminance to 100 cd/m2 caused a significant elevation in the detection threshold for 
-22% offset stimuli in all eccentricities (Mean difference: +0.82+0.36 dB, p=0.0068; 
paired t-test) without any effect on the threshold for -76 % stimuli (Mean difference: 
-0.06±0.4 dB, p=0.76) (Figure 41).
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3.8. Detection Thresholds to Static Offset Stimulus and the Effect of 
Refractive Blur
The full results from each stimulus size and test location at various visual acuity levels 
are shown in Table 12.
3.8.1. The Effect of Eccentricity on Offset Threshold
The detection sensitivity to light offsets was greater near the fixation, gradually 
decreasing towards the periphery of the central visual field, for both size III and size 
IV stimuli. W hen the 4 mm2 offset stimuli were employed in the absence of refractive 
blur, the average reduction in sensitivity with increasing eccentricity was 0.22 
decibels/degree. At lower visual acuity levels (i.e. <6/6) that inverse relationship 
between the sensitivity and the eccentricity was also present, with an average of 0.21 
dB/degree (range 0.19 - 0.22 dB/degree).
3.8.2. The Effect of Stimulus Size on Offset Threshold
Quadruplication in the area of the offset stimulus resulted in reduced detection 
thresholds and easier detectability along the horizontal meridian. The spatial summation 
coefficient (k) values for offsets could not be determined accurately at 6 and 12-degree 
eccentricity at all acuity levels as well as at 18-degree at 6/6 acuity since even the 
lowest contrast (i.e. 23 dB) stimuli were suprathreshold and detectable in the fields 
tested. The coefficient k  values were calculated between 18 to 30 degrees from fixation 
at various acuity levels and these are shown in Table 13. The spatial summation (k 
value) fluctuated with eccentricity, reaching to a maximum of 0.5 in the central field.
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3.8.3. The Effect of Defocus on Offset Thresholds
The average of threshold recordings from all ten test locations in each eye has been 
used as the 'Mean Sensitivity' to light offsets in evaluation of the effect of the visual 
blur which was introduced by plus lenses (Table 3). With 4 mm2 stimuli, 1 log unit 
decrease in visual acuity (i.e. to 6/60) resulted in an average of 3.84 dB depression in 
the 'mean sensitivity' (R2=76.4%). The effect of the refractive blur on the visual 
sensitivity to 16 mm2 stimulus was less pronounced, reducing the 'mean sensitivity' by 
an average of 0.92 dB (R2=55.5%). The full results from each acuity level are shown 
in Figure 42.
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3.9. Topographical Reproducibility of Small Scotoma with Computerized
Dynamic Fixation and Offset Stimuli
The average (mean & SD) horizontal diameter (width) of the physiological blind spot 
measured 5.8 ± 1 .2  degrees (range: 5.0 - 8.0) and 5.6 ±  0.7 degrees (range 5.0 - 7.0) on 
the first and second test results respectively (Wilcoxon test; p=1.00). The vertical
diameter (height) of the blind spot on two consecutive testing was 6.2±0.9 degrees
\
(range: 5.0 - 9.0) and 6.6±1.3 degrees (range: 5.0 - 9.0) (Wilcoxon test; p=1.00). The 
mean intra-individual variation in the diameters of the scotomas with repeated testing 
(topographical long-term fluctuation) was 1.4 degrees (range 0.0 - 3.0 degrees) vertically 
and 0.6 degrees (range 0.0 - 2.0 degrees) horizontally.
The number of abnormal test points representing the blind spot on the test results were 
23±5 (min 16, max 32) for the first test and 24±5 (min 16, max 39) for the second test. 
The slight increase in the number of missed test locations on the second test results was 
not significant (Wilcoxon sign test; p=1.00) and was not correlated to the results of the 
first test (r=0.59, R2=34.9%, p=0.07).
The percentage reproducibility of the blind spot mapping on re-testing of the visual field 
was further investigated by calculating the ratio of the number of repeatedly missed 
locations to the total number of missed locations on both tests. The average number of 
repeatedly missed test stimulus locations in the physiological blind spot was 17±4 
(range: 13-25). The overall reproducibility o f the map of the scotomas on re-testing was 
73%±5% (range 64% - 80%) (Figure 43). Regression analysis of the results showed no 
relationship between the repeatability of the blind spot test results and the patient age 
(r=-0.007, R2<0.01%, p=0.984).
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3.10. Detection Thresholds to Light Offsets in Normals, Ocular Hypertension and 
Primary Open-Angle Glaucoma
There was no significant difference between the average ages of the POAG group 
(62.7+8.8 years; range 37 - 76 yr), the OHT group (60.7±10.2 years; range 39 - 75 yr) 
and the control group (59.8±13.5 years; range 40 - 84 yr) (p > 0.61). The spectacle 
corrections required for the best near vision in the POAG group (+2.96±2.58; range 
-3.50 - +6.50 dioptres spherical equivalent = D.sph.eq.), the OHT group (+3.25+2.39; 
range -3.00 - +6.75 D.sph.eq.) and the control group (+2.50+2.36; range -2.00 - +5.50 
D.sph.eq.) were not significantly different (p > 0.46). No significant difference existed 
between the average pupil diameters of glaucomatous (3.91±0.49, range 3 - 5  mm), 
hypertensive (3.93+0.59, range 3 - 5.5 mm) and normal eyes (4.04+0.43, range 3 . 5 - 5  
mm) (p > 0.42). Reliability indices from the Humphrey Visual Field Analyzer were 
within the acceptable range (i.e. fixation losses < 20%, false positive and negatives < 
33% of total attempts). The full results of global field indices from the POAG, OHT 
and control groups are given in Table 14.
3.10.1. Detection Thresholds in the Normal Central Visual Field
Average detection thresholds to light offsets at individual test locations in the normal 
central visual fields of control eyes are shown in Figure 44. In normal eyes, the MS 
score had negative correlation with age, decreasing in older patients, for both offset 
stimulus (r=-0.709, p=0.007) and onset stimulus (r=-0.734, p=0.004). The regression 
formulas for the offsets and onsets were "MSoff = 22.9 - (0.0354 x age)" and 
"MSon=34.8 - (0.0681 x age)" respectively, suggesting an average sensitivity decline of 
0.4 dB/ decade for offsets and 0.7 db/decade for onsets.
Using 95% Cl for individual test points, none of the control eyes had abnormal test 
points to either stimuli, producing 100% specificity for the offset stimuli against the
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conventional stimuli in the normal central visual field. The onset stimuli of Humphrey 
VFA also did not produce abnormal threshold values at adjacent test locations in all 
control as well as OHT eyes.
The specificity (detection of normal field) and the sensitivity (detection of field 
abnormality) rates of both the 'onset' and the 'offset' stimuli were evaluated further using 
the prediction limits of 95% (i.e. p=0.05), 98% (i.e. p=0.02) and 99.9% (i.e. p=0.001) 
for the MD and LV scores from the control group (Table 15). All individual MD and 
LV scores with the 'onset' and 'offset' stimuli provided equal specificity rates in the 
control group, reaching to 100% according to the 99.9% prediction limit.
3.10.2. Detection Thresholds in the Glaucomatous Central Visual Field
Light offsets revealed visual field defects comparable to those shown by the 
conventional threshold testing in glaucomatous eyes (Figure 45). In one eye with 
POAG, there were four non-adjacent (scattered) abnormal test locations to offset stimuli, 
therefore, qualifying as a false negative result. At least 3 or more adjacent abnormal test 
locations to offset stimuli were present in the remaining 20 of the POAG eyes, giving 
sensitivity rate of 95.2% against the Humphrey stimulus:
Adjacent
Locations _> 3 _> 5 _> 10 _> 20 _> 30 ^  40
% 95.2% 90.5% 85.7% 61.9% 38.1% 19.1%
Abnormal (20/21) (19/21) (18/21) (13/21) (8/21) (4/21)
The average 'MD' and 'LV' scores with both the 'onset' and 'offset' stimuli from the 
POAG group were significantly higher than those from the OHT and control groups
(p<0.0001).
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In the POAG group, the individual M Don and LVon scores obtained with the onset 
stimuli were below the 99.9% prediction limit and, therefore, qualified as significantly 
abnormal (p<0.001) in 86% (18/21) and 100% (21/21) of the eyes respectively (Figure 
46).
When the 99.9% prediction limit was regarded as the cut-off point for abnormality, the 
global field indices from the 'offset' stimuli, MDoff and LVoff provided sensitivity rates 
of 86% (18/21) and 91% (19/21) respectively in glaucomatous eyes. The sensitivity rates 
improved to 91% (19/21) with MDoff and 95% (20/21) with LVoff along with a reduction 
in specificity to 77% (10/13) when the 95% prediction limit (i.e. p=0.05) was taken as 
the normal range (Table 15).
3.10.3. Detection Thresholds in the Central Visual Field of Ocular Hypertensives
Light offsets produced abnormal results in some of the glaucoma suspect eyes in the 
presence of full and normal fields to light onsets (Figure 47).
The offset stimuli revealed at least 3 adjacent abnormal test locations in 57% (12/21) 
of the OHT eyes (Specificity=43%). The abnormality rate to offset stimulus according 
to the number of significantly abnormal adjacent test locations was analyzed further in 
the OHT group:
Adjacent
Location > 3 > 5 > 6 > 8 > 10 > 15 > 20
Abnormal 57.1% 47.6% 42.9% 38.1% 33.3% 19.0% 9.5%
% (12/21) (10/21) (9/21) (8/21) (7/21) (4/21) (2/21)
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Although the average 'MDoff' score from the OHT group was higher than that of the 
control group, the difference was not statistically significant (p=0.096). The average 
'LVoff' score of the OHT group was, however, significantly higher than that of the 
control group (p=0.005). The average visual field scores with the 'onset' stimuli did not 
differ significantly between the OHT and the control groups('MD00' p=0.97; LVon 
p=0.78)(Figure 48).
In the OHT group, MDon and LVon indicated a field abnormality in 5% (1/21) and 14% 
(3/21) of the eyes respectively. The abnormal result rates with the offset stimuli were 
higher in the ocular hypertensive eyes, 43% (9/21) with MDoff and 62% (13/21) with 
LVotf .
Among the eyes with abnormal visual field scores to the 'offset' stimuli, 7 out of 9 eyes 
with abnormal MDoff and 8 out of 13 eyes with abnormal LVoff scores had 
asymmetrically higher cup-to-disc ratios than their fellow eyes. Only one out of a total 
of 8 eyes with such asymmetrical cupping in the ocular hypertension group produced 
visual field abnormality to the 'onset' stimuli.
The relationship between the visual field scores and the risk factors, namely IOP, CDR 
and RDVFL, was investigated further in the whole study group (n=55) using non- 
parametric Spearman rank order correlation test431, using a statistical software program 
(Systat Inc, USA). Since the field scores and the data reflecting the above clinical risk 
factors (except CDR) did not have normal distribution in the study population as 
determined by testing their probability density function427, Spearman's test was preferred 
over Pearson's product moment correlation (a parametric test). Linear regression analysis 
was not performed for the same reason although the data otherwise satisfied the straight 
line fit criteria428,429 including the distribution of their y residuals430. Field scores from 
both 'onset' and 'offset' stimuli tended to increase with the RDVFL, IOP and CDR, 
showing positive correlation with increasing risk of having glaucoma (n=55):
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Field Score RDVFL IOP CDR
MD off r=0.648 r=0.373 r=0.522
U-jO
>
r=0.706 r=0.443 r=0.518
M D „. r=0.489 r=0.241 r=0.387
ao
>
r=0.501
i
r=0.268 r=0.359
As shown above, that increase in the quantity of the field defects with increase in 
glaucoma risk parameters was more pronounced (i.e. higher r value) with the 'offset' 
stimuli than with the 'onset' stimuli. Positive correlations observed with the visual field 
indices from both types of stimuli are also evident on the full results with RDVFL 
(Figure 49), IOP (Figure 50) and CDR (Figure 51). Interestingly, MD and LV scores 
with both stimuli were further found to have a stronger positive correlation with the 
increasing CD than the level of IOP. Family history of glaucoma had no significant 
effect on the average visual field scores (Figure 52).
When the field scores and the clinical parameters were analyzed separately within the 
OHT group (n=21) using Spearman's test, it was found that the scores from offset 
stimuli also had stronger positive correlation with increasing CDR and RDVFL than 
those from onset stimuli:
Field Score RDVFL IOP CDR
MD oft r=0.454 r=0.230 r=0.633
L V or( r=0.447 r=0.054 r-0 .556
MD 00 r=0.176 r=-0.150 r=0.254
ao
>
r=0.270 r=-0.102 II o i—> to o
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Interestingly, IOP was found to have the least if not meaningless bearing on the field 
scores in the OHT group.
When offset stimulus was compared to onset stimulus as the gold standard in all three 
groups of individuals tested (n=55), CAMEC threshold test had the Positive Predictive 
Rate of 63% (20/32) and Negative Predictive Rate of 96% (22/23).
i
When the results from onset stimulus of the Humphrey VFA was compared to those 
from CAMEC as the gold standard, the light onset stimuli had the sensitivity of 63% 
(20/32) and the specificity of 96% (22/23) against the offset stimulus, giving Positive 
Predictive Rate of 95% (20/21) and Negative Predictive Rate of 65% (22/34).
3.10.4. Topographical Distribution of the Defects to the Offset and Onset Stimuli
The frequency of abnormal threshold results at each individual test location in the 
central visual field was calculated for both onset and offset stimuli in POAG and OHT 
groups. That was achieved by determining the ratio of total number of abnormal 
threshold recordings (i.e below lower 95% prediction limit) to the total number of eyes 
tested for each individual test point in the visual fields of each group, giving the 
pointwise cumulative distribution of involvement. The onset stimuli of Humphrey VFA 
gave abnormal results in POAG group most frequently in the superior Bjerrum area 
between 10-20 degree eccentricity from fixation and supero-nasal field beyond the 15 
degree eccentricity, to a lesser degree in the inferonasal field and least frequently in the 
inferior Bjerrum area (Figure 53). The offset stimuli of CAMEC revealed visual field 
abnormalities with the same topographical pattern with higher frequency of involvement 
in these areas in both POAG (Figure 54) and OHT groups (Figure 55).
The pointwise cumulative frequency of involvement of test locations to onsets and 
offsets was compared between the results from different study groups with OHT or
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POAG. The frequency of abnormality to one stimulus type (x axis) was compared to 
those from the other (y axis) between subjects. Pearson's product moment correlation 
and regression tests were performed for that purpose as the data used satisfied the 
necessary conditions427'430.
The correlation between the topographical distribution of visual field abnormalities to 
onsets and offsets was significant in the POAG group (r=0.42, p=0.002) .
The offset stimuli indicated abnormal visual field areas in the OHT group also. The 
topographical distribution of the scotomas to CAMEC with light offsets in ocular 
hypertensive eyes were significantly correlated to those shown by the conventional onset 
stimuli in the POAG group (r = 0.31, p=0.028).
The frequency distribution of scotomas to the offset and onset stimuli of 16 mm2 
(Goldmann size IV) were also compared to the distribution of glaucomatous loss to 4 
mm2 onset stimuli (Goldmann size III) in an independent glaucoma patient population 
which was described in Chapter 3.7 (Figure 36). A highly significant agreement was 
found for both the onset stimuli (r=0.67, p=0.001) and offset stimuli (r=0.49, p<0.001) 
in the POAG group and also for the offset stimuli in the OHT group (r=0.38, p=0.005).
3.10.5. The Test Duration with Dynamic Fixation and Ascending Staircase Method
The average test time for an eye with normal visual field was approximately 11 minutes 
with either stimulus. The efficiency of the ascending single crossing technique decreased 
with the prolongation of the test durations by approximately 22% in ocular hypertensive 
and by 83% in glaucomatous eyes in parallel to an increase in the number of stimulus 
presentations in the abnormal visual field areas. The average Humphrey test durations 
were equal in both normal and ocular hypertensive eyes, but prolonged only by 14% in 
glaucomatous eyes (Table 16).
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Part 4. DISCUSSION
The smallest fact is a window through which the infinite may be seen.
[Aldous Huxley]
4.1. Light Offset Stimuli and Dynamic Fixation on Bjemim Screen
4.1.1. M eridional Hill of Vision to the Offset and Onset Stimuli
The campimetry was performed by a dynamic fixation technique so as to be able to use 
a fixed test stimulus, thereby eliminating the need for manually moving the stimulus
i
using a wand which would have caused a shadow on the background and which could 
also have resulted in tilting of the stimulus. A moving fixation target25 was used instead 
of several printed numbers on the screen35 so as to prevent bias caused by the patient 
memorizing the numbers associated with disappearance of the stimulus. Contrary to 
routine conventional practice, the stimulus moved centrifugally. Although it is well 
known that isoptres may differ when the direction of stimulus movement is from seen- 
to-unseen compared with unseen-to-seen, variability was avoided by standardizing the 
direction of movement in all subjects.
One of the principal findings of this study was that the eccentric visibility of offset 
stimuli was less than that of onset stimuli of equivalent size, depending on the definition 
of the contrast used. There are several possible explanations for this phenomenon. 
Firstly, light scatter from the bright surface into the adjacent dark surface on the 
campimeter may have caused changes in the perceived sizes and contrasts o f the stimuli, 
the apparent size and contrast of the offset stimulus being smaller compared with the 
onset stimulus as expected from "point spread function". Secondly, the onset stimuli 
moved through relatively dark adapted and correspondingly more sensitive parts of the 
visual field than the offset stimuli which were presented to bleached parts of the retina. 
This explanation is implausible in view of the fact that the offset stimulus was less 
visible than the onset stimulus even on a grey background. Furthermore, the 
phenomenon was observed under photopic conditions. An alternative explanation for the 
reduced visibility of the offset stimulus may be the fact that it depended mainly on off- 
centre ganglion cells and was influenced by the differences between the on and off
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channels.
4.1.2. The Effect of Variation in Illumination on Offset and Onset Stimuli
The visibility of the offset stimulus was perceived by the subjects as being more 
constant under varying lighting conditions than that of the onset stimulus. This 
difference was observed even when the same grey background was used for both 
stimuli. As both type of stimuli introduced equal and opposite amount of light changes 
onto the retina at each illuminance level, the explanation of that finding may be that on 
and off systems may behave differently with changing levels of ambient illumination. 
The practical significance of this difference is that standardization of the ambient 
illumination may be less important when Bjerrum Screen Campimetry is performed with 
dark stimuli on a bright background than vice verse. This would render the offset 
perimetric stimulus superior to the conventional light onset stimulus when tangent 
screen visual field examination is performed in the community and in other situations 
where it is difficult to maintain standardized and constant lighting conditions. The 
visibility of the black stimulus was almost unchanged despite changes in the background 
at a given level of ambient illumination (Figure 19, 20) and that can be explained with 
the fact that both black-on-white target (i.e. 95% Weber's and 90% Michelson's 
Contrast) and black-on-grey target (i.e. 90% Weber's and 82% Michelson's Contrast) 
attained similar high contrast stimulus strength.
In conclusion, this study has shown that the offset perimetric stimulus is less visible and 
more stable under variable lighting conditions that the onset stimulus when used on a 
tangent screen in combination with dynamic fixation maintenance.
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4.2. Clinical Evaluation of Dynamic Fixation and Constantly Exposed Offset 
Stimuli for the Detection of Glaucomatous Visual Field Loss
The OKC procedure has appeal in its cost effectiveness and simplicity as well as its 
screening potential in large populations with restricted access to medical care. The 
improvements needed to overcome some of its deficiencies and to make it a more 
effective clinical screening tool have been indicated as a result of this work.
The results of initial clinical trials of the OKC screening were over-optimistic, 
suggesting identical results from the screening chart to those from conventional 
Goldmann kinetic and Humphrey static, perimeters432.
The first oculokinetic campimetry instrument was a wall mounted tangent screen with 
one hundred numbers (100-Point Chart) which were distributed up to a 25 degree 
eccentricity from fixation, and were arranged in 16 meridians at 2.5 to 5 degree 
intervals. Alvarez et al tested 64 eyes o f 37 selected glaucoma patients with unequivocal 
field loss, using the 100-Point Chart and either Dicon 3000 Autoperimeter or Tubingen 
Oculus kinetic perimetry433. The average patient age was 65 years. The centrally located 
black test stimulus of OKC chart was 2 mm in diameter. The fixation numbers, which 
made the black spot disappear, were regarded as abnormal and to represent 
glaucomatous visual field loss. All patients produced OKC abnormalities in all tested 
eyes. When the abnormal areas on conventional test results and OKP recordings were 
compared, the results were identical in 88% of the eyes and at identical locations but 
with different extent in 6% of the eyes. Although no descriptive selection criteria were 
given for abnormal fields and control subjects, it was concluded that OKP technique 
could produce results comparable with those obtained with conventional perimetry, 
regardless of the severity of the field defect, and identical defects could be established 
in 94% of the abnormal eyes. Only in four eyes (6%) there was no recognizable 
similarity between the conventional and OKC visual field test results. That finding was 
attributed to the patient's fatigue. Despite the simplicity o f that chart and highly accurate
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results, it was not considered suitable for screening purposes because it was considered 
to be too laborious, taking about seven minutes per eye (Damato, personal 
communication).
The same equipment, also called 'General Purpose Chart', which tests a hundred points 
in the central 25 degree field was further studied in 51 eyes with glaucomatous visual 
field defects and 51 non-glaucomatous eyes of age-matched individuals. The mean age 
of the study group was 57 years old. Black spots of 2 mm, 3 mm and 5 mm were used 
as OKC stimuli. Among patients with glaucoma, 32 eyes (63%) had relative defects 
only and 19 eyes (37%) had small absolute scotomas. At one meter test distance, the 
3 mm black stimulus achieved 92% sensitivity in detection of visual field defects 
revealed by other conventional perimeters, either the Friedman Visual Field Analyzer 
M ark II, Dicon 3000 Autoperimeter, or Tubingen Oculus Perimeter. Only 5% of the 
control eyes produced abnormal OKP results. The distribution of the abnormal OKP 
results suggested that the most informative points in the visual field were located at 12 
to 15 degrees from, fixation, especially in the superior and inferior nasal parts of the 
field 434
Based on the results of the previous studies, a hand-held OKC chart has been designed. 
The new version had only 23 numbered fixation points located at eccentricities where 
glaucomatous involvement was found to be most frequent. Ninety-eight eyes of 54 
glaucoma patients with a mean age of 64 years, and 116 eyes of 68 age-matched 
controls with presumably normal visual fields (without verification with conventional 
perimetry) were included in this study. The black stimulus diameter of the new 
prototype OKC field screener was 1.5 mm, and the chart was held at 40 cm from the 
eye during the test. A ribbon fitted with an eye occluder and attached to the chart at the 
side was used to cover the fellow eye and maintain the correct distance during the test. 
The OKC black stimulus was missed at a minimum of one fixation point, giving 
positive test results in 93% of 27 eyes with glaucomatous visual field loss, 69% of 32 
eyes with equivocal field loss and 41% of 39 eyes with suspicion of glaucoma, but no
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previous glaucomatous field defect. Only 9% of 116 control eyes had field defects to 
OKC. When two or more missed locations on OKC Chart were regarded a field defect, 
an average of 73% of glaucomatous and 7% of control eyes were classified as 
abnormal435. It was also noted that problems arose when a ribbon was used to maintain 
the correct chart-eye distance. In addition, some patients tended to read the numbers too 
quickly, so that their field defects remained undiscovered.
These problems were remedied by: 1) attaching an eye occluder to the chart by means 
of a rigid side arm; 2) increasing the number of fixation targets to 26 in order to slow 
down the eye movements; and 3) considering the test results to be positive only if  any 
number was consistently associated with disappearance of the stimulus on repeated 
examination.
Felius et.al. compared the frequency of the observed OKC test spot to thresholds on the 
'Humphrey Visual Field Analyzer (HVFA) 30-2 threshold program', in 33 eyes with 
glaucoma or ocular hypertension. Their findings indicated that the 50% and 95% 
frequency of the undetected OKC stimulus were on the average equivalent to 
approximately 15 and 20 decibel stimuli on the HVFA respectively436. They concluded 
that the OKC test was somewhat insensitive and the precise relationship of OKC test 
results to Humphrey field analyzer values could not be derived. The insensitivity of 
OKC was attributed to unavoidable fixation errors and Troxler's phenomenon during the 
OKC test procedure.
Vernon and Quigley compared the 26 point OKC glaucoma screening chart to a 
Humphrey 30-2 program in 27 glaucomatous eyes and 32 ocular hypertensive eyes. The 
sensitivity and specificity of the OKC chart in comparison to Humphrey threshold 
testing were 71% and 81%, respectively, when 9 decibel elevation in Humphrey 
threshold was regarded to represent a visual field abnormality. The sensitivity and 
specificity of OKC were 100% and 70% respectively, when a Humphrey threshold 
elevation was 21 decibels. This amount of visual field loss is categorized as relative
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scotoma according to Humphrey visual field analyzer specifications90,437. The mean light 
sensitivity required for the visibility of 1.5 mm black OKC stimulus was 6 decibels 
lower then the expected retinal sensitivity of the studied age group. That amount of 
sensitivity loss is known to be beyond the lower limit of 95% confidence interval for 
light threshold in normal population and indicates too high suprathreshold value of the 
black stimulus. Indeed, the mean light sensitivity values causing disappearance of OKC 
stimulus was 16 decibels lower than the age normals. Interestingly, it was noted that all 
patients who failed the OKC had involvement of the first 17 fixation targets. As the 
fixation targets 18 to 26 are in the central 10 degrees from fixation, they concluded that 
the new version of the chart should have only 22 fixation targets, extending more 
peripherally, nasally and inferiorly 438.
W ishart studied the OKC chart against Humphrey threshold program 24-1 or 24-2 in 56 
glaucomatous or glaucoma suspect patients with good reliability on previous automated 
perimetry. The OKC indicated glaucomatous visual field loss in 61% of the patients 
with abnormal Humphrey test results. Among glaucoma suspect eyes with ocular 
hypertension and/or optic disc abnormality and normal Humphrey results, OKC 
indicated visual field abnormality in 38% of patients, therefore yielding 62% specificity 
against light threshold determination439. Further analysis of true positive OKC results 
indicated that the disappearance of black OKC test stimulus corresponded to an average 
of 21 decibels elevation in retinal light threshold on Humphrey analyzer. In  half o f those 
true positive cases OKC did not document the full extent of Humphrey scotomas and 
were partially normal in another quadrant of the field displaying an average of 20 
decibels elevation on threshold to light. The author concluded that the OKC chart was 
unsuitable for glaucoma screening due to its low sensitivity and specificity. That 
conclusion is however unsubstantiated as firstly, the author did not use age-matched 
normal controls to establish the correct specificity and secondly, did not analyze the 
OKC results according to the type, namely the relative or absolute nature of scotomas 
to a Humphrey field analyzer. This issue is also applicable to the former reports on 
OKC trials which are summarized before.
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Independent clinical trials of 26-point OKC glaucoma screener also indicated 0% to less 
then 50% sensitivity in early relative scotomas in glaucoma440,441. Similarly, the OKC 
glaucoma screener was capable of revealing all eyes with Stage III (absolute scotomas 
connected to blind spot) and more advanced glaucomatous defects.
When testing the visual field, the examination should always be as sensitive as possible. 
However, it is important to adapt the examination strategy and the sensitivity according 
to circumstances such as the patient's level of cooperation, the time available and the 
expertise of the examiner. When, for example, a highly cooperative glaucoma suspect 
with a raised intraocular pressure is being examined for glaucomatous visual field loss, 
it would be ideal if  automated threshold static perimetry was performed. However, when 
examining an inexperienced patient or when large numbers of apparently healthy 
individuals are being screened randomly in the community, such exquisite sensitivity 
cannot be achieved. This is because the automated threshold perimetry would be too 
difficult and laborious for many patients and too time consuming and expensive for the 
examiner74,76,78'442,443. Additionally, highly sensitive perimetry would detect many people 
with subtle defects caused by various conditions such as refractive errors, media 
opacities, and such individuals would unnecessarily be referred for specialist opinion. 
Without deviating from the fundamental principle of striving for maximum sensitivity, 
it is, therefore, necessary to make compromises if screening for glaucomatous visual 
field loss is to become more widely available. Despite the availability of tonometry and 
ophthalmoscopy, there is evidence that many, perhaps most, glaucoma sufferers are still 
not being detected until they have developed dense visual field defects extending close 
to fixation376390,397’398. Further research is required to establish whether or not such 
individuals could be detected sooner than at present and with greater cost efficiency by 
the large scale application of simple visual field tests that are designed to detect only 
dense visual field loss. Such studies have hitherto been hampered by the lack of 
perimetric methods that could widely be used by non-specialists.
The purpose of the OKC chart has been defined as to enable visual field examination
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for the presence of glaucomatous visual field loss in situations where conventional tests 
are not available. The findings of the present study suggest that when a 1.5 mm 
stimulus is used, the 26 number OKC chart does indeed detect large areas of dense 
visual field loss within the central 15 degree field, with a false positive result of about 
10% in apparently healthy individuals in the seventh decade of life. The specificity rate 
of 90% found in this study is similar to those predicted in previous studies434,435. The 
false positive rate diminishes to a low level of approximately 1% when the diameter of 
the stimulus is increased to 3 mm, but at the cost of missing eyes with only relative 
glaucomatous visual field defects. There are two main conclusions to be drawn from 
such results. Firstly, the OKC chart should be used only in combination with ophthal­
moscopy, and tonometry, if possible, and not as a substitute for these tests. Secondly, 
it would seem useful to vary the size of the stimulus according to the eccentricity, age 
and visual acuity of the patient. Whether or not the test is universally useful cannot be 
concluded from the present investigation and will depend on the circumstances in which 
it is applied and the way in which patients are managed when a positive result is 
obtained. Additionally, oculo-kinetic visual field screening is user-dependent despite its 
simplicity, so that the results vary according to the examination technique. Further 
studies are therefore indicated in a variety of situations.
The topographical extent of the field defects to oculokinetic campimeter and its light 
offset stimuli was smaller than those to the conventional oculo-static instruments (i.e. 
Topographical Index < 1.0 ) in the vast majority of the glaucomatous eyes. It also 
appeared that the false negative results from individual OKC test locations 
corresponding to absolute scotomas became rather pronounced in inner eccentricities, 
towards the centre of the OKC chart. The frequency of non-detection of continuously 
exposed offset stimuli with dynamic fixation never reached to the expected 100% in the 
absolute scotoma areas and was, at best, 35% in the inner eccentricity and 80% in the 
outer eccentricity. These findings can be attributed to fixation losses during oculo­
kinetic testing with continuous stimulus exposure.
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This study suggests a number of revisions in the design of the OKC chart. These 
include interchangeable stimuli which perhaps could be 1 mm, 2 mm and 3 mm in 
diameter, and which could be selected according to the visual acuity and the age of the 
patient in order to improve the sensitivity and specificity. As the visibility of a high 
contrast light offset stimulus on a bright background is more constant under variable 
lighting conditions than a reflective light onset stimulus on a dark background, a black 
stimulus is preferable for the OKC glaucoma test, which is intended for use in the 
community, where standardization of the ambient illumination is impractical. It is 
tempting to vary the contrast instead of the size in order to manipulate the sensitivity 
and specificity, but as with white stimuli, lower contrast offset (grey) stimuli would 
require the illumination to be more carefully standardized.
In the present study, the discrepancy between the results of the OKC glaucoma test and 
conventional perimetry in the glaucoma suspect eyes may partly be due the false 
negative results with the conventional manual perimetry and false positive results with 
the OKC caused by reduced visual acuity. Such problems may not have occurred if 
automated threshold perimetry had been used instead of automated and manual 
suprathreshold perimetry. However, this would have resulted in a biased sample of 
patients, because it is known that many individuals are not cooperative enough for 
automated threshold perimetry. In any case, the OKC chart under investigation was 
designed to detect dense visual field loss which was readily identified with the 
conventional perimeters used in the study.
The average equivalent 50% detection threshold of 0.8 - 1.0 log unit for the light offset 
stimulus indicate that the suprathreshold value of OKC chart at 13° eccentricity is 0.2 
- 0.4 log unit in the 70 year age group444,445. This also supports that the increasing false 
alarm rate with age in OKC testing is due to relatively lower suprathreshold value of 
the 1.5 mm black stimulus.
The introduction of interchangeable stimuli should allow the full central visual field (30
126
degrees) to be examined with the hand-held chart. This change inevitably increases the 
number of fixation targets but has the advantage of making the hand-held chart useful 
not only for glaucoma detection but also for neuro-ophthalmic assessment. In the new 
version of the chart, the sequence of the numbers may be reversed, so that they spiral 
outward instead of inward, thereby making it easier for the examiner to decide whether 
to examine only the central 15 degrees or the central 30 degrees of the visual field from 
fixation.
In the present study, the result was considered abnormal only if any points were 
consistently missed when the examination was repeated446. It is shown that such criteria 
results in small defects being missed by OKC; a better method of confirming the 
presence of a defect might be to cover and uncover the test stimulus as described for 
portable visual field screeners447,448. Implementation o f a shutter mechanism as described 
would also solve the problems of fixation losses and Troxler phenomenon. It has been 
suggested that OKC may give spurious results because of the Troxler phenomenon65 
when the stimulus is left constantly exposed436. Although this should not happen when 
the patient looks at each number for only one second, as currently recommended, the 
possibility of false positive results is reduced even further when the stimulus is made 
to appear and disappear, so that this precaution should be taken routinely when an 
abnormal result is suspected. In conclusion, this study gives an indication of the results 
that can be expected in different age groups with the 26 number OKC glaucoma 
screening chart. The investigation has also enabled several revisions for the chart to be 
made, which should increase the scope of the test in situations where conventional 
perimetry is not possible.
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4.3. Constantly Exposed Offset Stimulus with Dynamic Fixation in Detection of 
the Blind Spot as a Model of Small Absolute Scotoma
Contrary to conventional methods, oculokinetic campimetry is performed with 
continuous exposure of the test stimulus and the patient says when the stimulus appears 
and disappears. Constant stimulus exposure was hoped to enable the performance of 
the field examination more rapidly. There have been patients, however, who tended to 
rush the examination so as to have increased the probability of missing small defects435.
In this study, the psychophysical accuracy of continuous light offset stimulus exposure 
in OKC and the effect of clustering fixation targets on test sensitivity have been 
investigated, using the physiological blindspot as an absolute scotoma model.
Conventionally, a scotoma is regarded as clinically significant if it is at least three 
degrees in diameter389. The physiological blind spot, with constant diameters of 5.5 
degrees by 7.5 degrees, was ideally suited for the purposes of this study. Each subject 
was examined with either Chart A, Chart B, but not both, so as to avoid bias from a 
learning effect.
It appears that 46% individuals can not reliably detect visual field defects with 
constantly exposed stimulus of oculokinetic method. At least two fixation points which 
correspond to the absolute scotoma are required to identify 3 out of 4 defects, as the 
addition of a second fixation target in the scotoma area increased the non-fluctuating 
positivity rate from 54% to 76%. This finding suggests that, the constant exposure of 
the offset stimulus is not desirable due to high false-negative result rate and the greater 
the number of points examined within a scotoma, the greater is the probability of 
detecting the defect. For this reason, future OKC charts should have a shutter 
mechanism and additional fixation targets which would slow down the eye movements 
and intensify the grid in the most vulnerable parts of the visual field.
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At present, a test result is considered positive only if the stimulus consistently 
disappears when the examination repeated. The results of this study suggest that, for a 
given location, such a strategy causes a fluctuation rate of 10% at the test location and 
also severely reduces the sensitivity of the examination. W hen an inconsistent or 
fluctuating positive response occurs, the result should be regarded as inconclusive and 
selected points re-examined with an intermittently presented stimulus. In other words, 
the patient should look continuously at a number and say when the stimulus appears and 
disappears, while the examiner uncovers and covers the stimulus with a white card or 
ideally with a shutter mechanism447,448. The results suggest that intermittent stimulus 
exposure may provide better sensitivity in visual field screening.
The current strategy for testing, the blindspot is designed to help the patient to position 
the chart correctly, to understand the principle of the examination and in addition, to 
help the examiner to assess the patient's reliability. Another efficient method of 
achieving these objectives on OKC, however, might be for the blindspot to be 
discovered by the patient in exactly the same way as abnormal scotomas are detected, 
using numbered fixation targets. This strategy makes it easier for the examiner to decide 
whether it is safe to leave the stimulus constantly exposed or whether to cover and 
uncover the stimulus with the patient indicating when the stimulus appears and 
disappears.
In conclusion, this study establishes the sensitivity of oculo-kinetic continuous stimulus 
exposure in detection of absolute scotomas, confirms the value of clustering fixation 
targets, re-indicates the need for cover / uncover of stimuli for brief presentations to 
improve sensitivity, suggests an alternative method of interpreting inconsistent results, 
and identifies the need for repeated testing of the blind spot during the examination.
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4.4. Computer-Assisted Moving-Eye Campimetry (CAMEC)
4.4.1. Temporal Variation in CRT Background Luminance
The repeated luminance measurements over time indicated that the screen luminance of 
the CRT used for this research was uneven. The luminance of the monitor increases for 
two hours after power supply. That increase is most rapid during the first half hour and 
gradually reaches a plateau afterwards. Temporal variation in CRT screen brightness 
with time is confirmed for the monitor used in CAMEC test. Conclusions drawn from 
the experiment was that a 'heating' period of at least 30 minutes should be allowed for 
the CRT before any visual field testing was performed, in order to maintain the same 
light adaptation state of the eye.
4.4.2. CRT Luminance Variation with Monitor 'Brightness' Setting
In order to achieve a background luminance level of 10 cd/m2and a suitable range of 
grey shades for the offset stimuli on that background, the 'brightness' and 'contrast' 
settings have to be kept at their minimum in the CAMEC CRT monitor. Grey shade 
number 37 produced the desired background brightness of 10 cd/m2 which is employed 
in conventional Goldmann and Humphrey perimeters. The luminance curve obtained 
with that setting (Figure 30) was used for the calibration of the offset stimuli.
4.4.3. Stimulus Brightness Selection on a CRT
When presented on a lighter background, using the calibration module (Chapter 2.4) that 
generates 6x6 disc grid pattern on CRT (Chapter 2.4.1), the brightness of a small dark 
pattern becomes higher probably due to light scatter from the background. Similarly,
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when a dark grey was selected as the background, small areas of brighter grey shades 
measured darker then the expected, probably due to some masking by the background. 
These findings suggest that the selection and calibration of the stimulus shades should 
be performed in small patches against the desired background level for the clinical tests, 
since the final stimulus contrast and visibility would otherwise be different from what 
is predicted by the uniform screen measurements.
4.4.4. Topographical Variation in CRT Luminance and Image Contrast
Uneven phosphor distribution on the CRT screen and the alignment of the electron guns 
may explain the brightness irregularities. Stimulus contrasts intended for CAMEC 
should be checked and if necessary recalibrated for a given monitor before it is 
employed in testing of the patients. Achieving a white background uniformity on a CRT 
has always been difficult and digital electronic methods developed to overcome the 
problem in TV sets449 may become available for computerized video-campimetry in the 
future. At its present form, the screen luminance irregularities on the CAMEC monitor 
may not cause uneven retinal light adaptation levels as the fixation location constantly 
varies. Additionally, stimulus contrast is maintained steadily at different locations on the 
screen, enabling reliable contrast sensitivity measurement.
4.4.5. Temporal Variation in Stimulus Duration
As the processing of visual information is regarded as complete by 0.1 seconds 
following its onset, some computerized perimeters such as Octopus maintain 0.1 second 
default duration. It appears that even the minimum CAMEC stimulus duration remains 
above 0.1 second, thereby avoiding incomplete perception of the stimuli by the visual 
system and the likelihood of false negative patient responses. As the variation in the 
stimulus duration does not affect the fluctuation in the test results with automated
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perimetry450, slight irregularities in the CAMEC stimulus duration should not cause any 
adverse effect on the test result.
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4.5. Fixation Control with Dynamic and Static Fixation in Children
The moving fixation target and tracking method of CAMEC controls the patient's 
direction of gaze, thus enabling the child to perform successfully. In children with 
sufficient cooperation for static fixation, CAMEC with offset stimuli may also 
successfully indicate normal status of the visual fields as shown by the suprathreshold 
screening programs of the Humphrey Visual Field Analyzer and CAMEC showing full 
and normal visual field test results from an 8-year-old child with good cooperation 
(Figure 56). This study reveals that dynamic fixation can be used by most children 
above the age 5 years when motor development is sufficient to use a joystick 
effectively, and that visual field defects can be detected in patients who can not be 
assessed properly using conventional methods. Additionally, the higher scores with 
CAMEC than Dicon confirm that fixation is maintained better with a moving fixation 
target than a stationery target. For instance, dynamic fixation method and light offsets 
revealed a right homonymous superotemporal partial quadrantanopia in a 5.5 year old 
girl with an intracranial (left temporal lobe) pathology who could not be examined with 
conventional perimetric methods (Figure 57). This further suggests that in the paediatric 
age group, a moving eye fixation method disguised as a video-game should allow more 
accuracy in quantification of visual field abnormalities than conventional static fixation 
methods. In summary, computerized moving fixation method was found to be a useful 
way of examining the visual field in children aged 5 years or more.
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4.6. Dynamic Fixation with Offset Stimuli in Screening for Neuro- 
ophthalmic Visual Field Loss
Although Goldmann perimetry is the preferred method for visual field assessment in 
neuro-ophthalmology451, automated perimetry is also valuable in the diagnosis of visual 
neural pathway disorders. The usefulness of automated perimetry is often restricted by 
patient-related factors such as experience and cooperation especially in full threshold 
examination87,409,452,453. Automated screening with single intensity suprathreshold stimuli, 
therefore, is more satisfactory because of greater speed and reliability 74>78>413>414’423-454 
Such screening programs should have the ability both to map precisely and selectively 
the topographical extent of an abnormality and to take account of the normal decrease 
in visual sensitivity with increasing distance from fixation 455.
The results with eccentricity compensated stimulus sizes and computer-aided selective 
topographical adaptive strategy suggest that the sensitivity and specificity of single 
intensity high contrast (-76%) offset stimuli compare favorably with the results of other 
investigators using conventional automated single intensity suprathreshold screening 
programs with onset stimuli, identifying 9 out of 10 abnormal and normal visual fields 
correctly by either method74,78,414. Interestingly, some of our patients observed more 
extensive visual field defects with -76% contrast dark stimuli compared with 
conventional luminous stimuli. For example, a residual bitemporal partial 
quadrantanopia to Goldmann perimetry was much more extensive and a near-complete 
hemianopic loss bitemporally in a 50 year old male with 6/5, N5 acuity, who had 
transsphenoidal surgery for a pituitary adenoma in the past (Figure 58).
Also a bitemporal hemianopia due to previously removed craniopharyngioma in a 71 
old female with 6/18 visual acuity in both eyes appeared only as a temporal constriction 
in the right eye when tested with Goldmann Perimeter (Figure 59).
The moving-eye screening test program provides satisfactory spatial adaptation and
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higher grid resolution in suspicious parts of the visual field only, without unnecessary 
prolongation of the test. The existing stimulus grid and topographically adaptive strategy 
appear to recognize scotomas which respect the vertical and horizontal meridians, a 
major localizing feature in neuro-ophthalmological diagnosis. Physiological rotations of 
the eye, which may be up to 7 degrees around the optical axis during fixational eye 
movements, may explain some of the cases with a low level of topographical correlation 
between the results obtained with moving and steady fixation techniques456.
The test duration o f CAMEC 26-Point Screening test became prolonged with increasing 
patient age for both and abnormal fields, probably due to difficulty with joystick 
manipulation in the elderly. The duration of a psychophysical test reflects its efficiency. 
The efficiency of computerized moving fixation technique is less among elderly patients. 
Changes in manual dexterity, reaction time, ability to concentrate and fixate with 
increasing patient age may explain this finding. For patients who display inadequate 
dexterity, auto-locking of the tracking system and a simple push-button response 
strategy may shorten the test duration. Alternatively, different interaction methods such 
as screening with multiple offset stimuli presentations and touch-screen recording of 
stimulus awareness may be preferable 136.
A personal computer based back propagation neural network developed for the 26-Point 
stimulus test grid may, in the future, be incorporated to CAMEC to enable automated 
interpretation and recognition of neuro-ophthalmic and glaucomatous scotoma patterns 
in visual field screening and in situations where perimetric expertise is not readily 
available457,458.
The results of this study suggest that static offset stimuli on a cathode ray tube can be 
employed reliably in the clinical investigation of the central visual field. In conclusion, 
dark-on-bright perimetric stimuli may be useful in neuro-ophthalmology as an adjunct 
to the existing visual field screening techniques.
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4.7. A Comparison of Single Intensity Static Offset Stimuli with the Onset 
Stimuli of Humphrey VFA in Glaucoma
4.7.1. The Sensitivity and Specificity of Offset Stimuli in Glaucoma
The lower true positive detection rates with higher contrast offset stimuli provide further 
evidence that the offset stimulus becomes more suprathreshold with increasing contrast. 
However, lower contrasts of suprathreshold offset stimuli have been missed more 
frequently in the apparently normal parts of the glaucomatous visual fields, causing 
higher 'false positive' rates. The R.O.C. curve (Figure 39) suggests that the optimum 
sensitivity and specificity for the stimulus sizes used in this study would have been 
provided by 30% contrast stimuli with 70% true and 30% false positive rates. The high 
incidence of false positive results with low contrast stimuli also suggests more extensive 
visual field involvement to offset stimuli in glaucoma, and may represent false negative 
(defect remained undetected) results from conventional onset stimuli. Slightly higher (an 
average of 3-6%) false positive rates against the 'PD' results suggest that the detection 
of the offset stimuli, like the onset stimuli, is influenced by the diffuse sensitivity loss 
in the visual field.
Offset stimuli of low contrast were frequently missed in apparently normal parts of the 
glaucomatous visual fields, especially at the outer eccentricities. This is partly due to 
the negative effect of the peripheral stimuli locations on patient attentiveness453 as well 
as the possible decrease in the suprathreshold values of the selected offset stimulus sizes 
in glaucomatous visual fields. The true negative rate of 71% from the lightest grey 
(-10%) offset stimuli within 10 degree eccentricity provides evidence that even the 
lowest negative contrast value employed in this study was at least 4 dB above the 
equivalent light threshold in the central visual field. Therefore, seemingly false positive 
results from offset stimuli also suggest that negative contrast may indicate glaucomatous 
visual field defects which were not present to the onset (positive contrast) stimuli of the
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Humphrey Visual Field Analyzer.
4.7.2. Detection Threshold for Offset Stimulus in Glaucoma:
The visibility of offset perimetric stimulus, like that of conventional luminous stimulus, 
is dependent on stimulus parameters such as size, contrast and level of background 
luminance. Selecting progressively larger stimuli towards the periphery of the visual 
field (eccentricity compensation) caused the detection thresholds for offset stimuli to 
follow the slope of normal hill of vision at all contrast levels.
Lower contrasts of offset perimetric stimulus functioned as weaker stimuli and required 
higher retinal sensitivity for their detection in the visual field. Therefore, it seems 
possible that the visual field may be evaluated by presenting successive offset stimuli 
with increasing or decreasing contrast. An average of 3.14 Humphrey dB change in the 
offset stimulus detection threshold in response to varying the stimulus contrast from 
-76% to -10% represents the small dynamic range of the stimulus sizes used in this 
study. The dynamic range, however, may be varied by altering the stimulus area.
Employing a high background luminance with offset stimulus may provide several 
advantages over luminous stimuli on a dim background. First of all, the field can be 
tested under ordinary ambient illumination conditions without needing adaptation 
periods. Secondly, the inadvertent reflections and glare on the glass surface of CRT, as 
well as the after-image following brief stimulus presentations, become less of a problem. 
With higher background intensity, however, screen flicker, dirt on the screen and the 
awareness of vitreous floaters may impose negative effect on the test. Additionally, 
increasing the background luminance seem to necessitate higher retinal sensitivity for 
the detection of low contrast offset stimuli on CRT.
Several alternative explanations may be suggested for that observation. Although the
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stimulus contrasts were calibrated separately for different backgrounds, it was not 
possible, because of technical limitations, to measure the luminance of a spot smaller 
than approximately 1.5 cm in diameter. It is likely that the actual contrast and perceived 
size of the offset stimuli were reduced due to increased light scatter into the small 
stimulus area especially when the background is brighter. Intraocular light scatter and 
glare may also interfere with the visibility of lower contrasts by changing the contrast 
value of the stimulus falling on the retina. Therefore, actual stimulus contasts on the 
retina may be different than those determined with measurements on the CRT screen. 
An alternative explanation might be the decrease in the ratio of the retinal receptive 
field excitatory centre area to the inhibitory surround area under higher luminance, and 
the consequent lower contrast gain and stimulus visibility219. Therefore, the effect of 
background onto the visibility of offset stimulus should be taken into consideration in 
the design and application of tests for different clinical situations.
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4.8. Detection Thresholds to Static Offset Stimulus and the Effect of 
Refractive Blur
In this study, detection sensitivity to offset test stimuli which are just perceptibly darker 
than the background have been determined along the nasal horizontal meridian of the 
normal central visual field using CAMEC. Similar to the conventional onset test stimu-
i
^ 66,90,144,459  ^ negative threshold gradient with increasing eccentricity also exists for 
decremental stimuli. Furthermore, visual field thresholds to the larger offset stimuli were 
lower in the normal visual field, suggesting that detection threshold to light offset 
stimuli, similar to light onset stimuli, is subject to spatial summation. The summation 
coefficient for offsets, like onsets, changes with eccentricity, being lower near fixation 
and higher in periphery. The spatial summation was not complete (i.e., kcl.O) at any 
eccentricity or acuity level and reached a maximum of k=0.5. It appears that offset 
stimulus size of 16 mm2 provides wider dynamic contrast range (available steps between 
the detection contrast and maximum contrast) for decremental stimuli as a result of 
spatial summation and increased detection sensitivity to light offsets, and may be more 
useful in clinical test purposes.
Refractive blur caused depression in detection sensitivity to both sizes of negative 
contrast stimuli, an effect observed also in Ring Perimetry which combines light and 
dark components in a stimulus460,461. The detrimental effect of refractive error, however, 
was more pronounced with small sizes of light offsets at all eccentricities. Increasing 
amounts of blur also caused more variation in the normal threshold results as indicated 
by larger standard deviations from the small size offset stimuli than those from the 
larger stimuli (Figure 42). These findings are in agreement with the previous reports on 
conventional onset stimuli and the effect of defocus on detection thresholds which raised 
with blur more significantly when the onset stimulus size was equal or smaller than 4 
mm2 462’463. in conclusion, dark-on-bright stimulus of Goldmann size IV equivalent may 
be more useful when employed in routine visual field testing because of its higher
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resistance to refractive blur, better dynamic range and less inter-individual variation in 
its visibility especially in the absence of optimal refractive correction.
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4.9. Topographical Reproducibility of Small Scotoma with Computerized
Dynamic Fixation and Offset Stimuli
The main aspects of field testing are the detection of true defects, and the docu­
mentation of the field changes over time. This task, however, is more complex than 
automated screening for field abnormalities since the clinically significant true 
topographical changes in the existing defects frequently require to be distinguished from 
confounding long-term fluctuation (intertest variability) of the results.
The physiological blind spot, with constant diameters of 5.5° by 7.5°, was used as a 
paradigm of a small scotoma and represented a clinically significant defect in normal 
persons for the purpose of this study. The topographical reproducibility of the scotoma 
mapping with the dynamic fixation method and single intensity suprathreshold offset 
stimuli was an average of 73% with a maximum of ±2°-3° fluctuation in the dimensions 
of the defects over repeated testing, providing satisfactory topographical reliability for 
monitoring of the extent of scotomas with repeat examination.
The physiological blind spot consists of an absolute component in the centre formed by 
the optic nerve head and a surrounding relative scotoma formed by peripapillary scleral 
ring (zone alpha) or peripapillary chorioretinal irregular pigmentation /  atrophy (zone 
beta) which may be caused by glaucoma when tested with light onsets464. The difference 
between the physiological blind spot and a true pathological scotoma such as a 
glaucomatous absolute defect is that the blind spot has a steeper border formed by the 
relative defect around it465. Increased 'short term fluctuation' seen in the relative scotoma 
component around the borders is otherwise observed both in glaucomatous and 
physiologic scotomas 465’466.
The delimitation of the blind spot depends on the size of the onset stimulus as the 
scotoma is absolute to small sizes and gradually becomes completely relative with larger 
sizes, using full thresholding467. This is attributed to the easier detectability of larger
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stimuli caused by the increased stray light scattered from the larger area to the periphery 
on the retinal plane467,468. Stray light contamination in scotoma measurement may not 
be relevant to the detectability and not hinder the usefulness of large size light offset 
stimuli such as the one used in this study. Further studies with more than one size offset 
stimuli would be useful to reach a conclusion. The Goldmann IV equivalent rectangular 
stimuli used in the study has a diagonal diameter of 65 minutes of arc (1.1 degrees) 
which is five times smaller than the horizontal diameter of the physiological absolute 
scotoma. The diameters of the physiological blind spot established with the 
suprathreshold offset stimulus intensity are in complete agreement with its already 
known size, suggesting no underestimation by the offset stimuli employed. Therefore, 
the variability in the measurements by dynamic fixation and offset stimuli is due to the 
quality of fixation, not the underestimation of the scotoma. Additionally, the higher 
threshold fluctuation reported to exist in the surrounding relative scotoma component 
may have contributed to the variability to some extent although the measurements were 
made with suprathreshold stimuli instead of full thresholding method.
The mean distance of actual fixation from the original intended target of fixation 
measures 0.2 degrees and total fixation instability with spontaneous eye movements is 
about 1.2 degrees in normal eyes, using scanning laser ophthalmoscopically controlled 
fundus perimetry464. The reproducibility rates in the blind spot diameter obtained with 
dynamic fixation and light offsets are in full agreement with the fixational instability 
observed with the conventional onset stimulus and static fixation. This suggests that 
computerized dynamic fixation method provides as good stable fixation as conventional 
steady fixation with good reliability, although it may still be affected by the spontaneous 
eye movements. The results suggest that the offset stimuli and moving fixation method 
can be employed in the assessment of the blind spot, a procedure which may be 
necessary for neuro-ophthalmologic conditions such as papilloedema and 
peripapillitis451,469-472 as well as in fixation monitoring with Heijl-Krakau method.
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4,10. Detection Thresholds to Light Offsets in Normals, Ocular Hypertension and
Primary Open-Angle Glaucoma
In this study, the threshold visual sensitivity to light decrements in the central visual 
field was investigated in patients with POAG and OHT, combined with age-matched 
normal individuals, with an attempt to demonstrate the presence of visual loss secondary 
to glaucomatous optic nerve damage. It has been found that the brief exposures of static 
light offset stimuli combined with dynamic fixation on a VDU could indicate normal 
threshold sensitivity in the central visual field with 100% specificity and as similar to 
the conventional light onset stimuli and steady fixation. The normal visual sensitivity 
to the offset stimuli appears to be age dependent, like that of the onset stimuli, and 
decreases with age presumably due to decreased optical clarity and depletion of neural 
reserves473. That finding indicates that the evaluation of visual fields to offset stimuli 
should be made according to the age of the individual patient.
The offset stimuli o f CAMEC could also document the glaucomatous visual field abnor­
malities with an accuracy of 95% if the same defects were also detectable by the 
conventional light onset stimuli of Humphrey VFA.
It has emerged from this study that the conventional visual field indices of MD and LV 
can be calculated satisfactorily for threshold examination using the offset stimuli.
Global visual field indices obtained with the offset stimuli achieved a sensitivity of 91- 
95% for MD and LV respectively. The specificity of the global indices estimated with 
the offset thresholds was equal to those obtained with the onset stimulus of Humphrey 
VFA ranging from 77% to 100% according to 95% and 99.9% confidence limits 
respectively. The sensitivity and specificity of the offset stimuli global indices in 
glaucomatous visual field loss were comparable to those of conventional automated 
onset stimuli, which is 87-88% sensitive and 77-85% specific, as determined by the 
Octosoft statistical program of Octopus perimeter474.
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Only one glaucomatous eye with small but significant topographical field abnormality 
to the 'onset' stimuli yielded normal LVoff score (p>0.05) and no cluster o f abnormal test 
locations to offset stimuli. That may be due to low patient cooperation / fixation 
instability at the central reference target during the test rather than a genuine 
underestimation of the visual defect by the offset stimuli.
In ocular hypertensive eyes with apparently no field loss to the onset stimuli, there were 
abnormal areas in 57% of the visual field results to the offset stimuli. The MD and LV 
scores to light offsets in the OHT group were defective more frequently (43% - 62%) 
relative to those in the control group (0%) as well as relative to those to light onsets 
(5% - 14%) (p<0.0001). The comparison of global field indices from the 'offset' and 
'onset* stimuli suggests that in eyes with ocular hypertension and the suspicion of early 
optic neuropathy, off-pathway examination may produce significant visual field 
abnormalities which are not obvious with the conventional on-pathway testing. The 
correlation between the visual field scores against the RDVFL and CDR confirm that 
those ocular hypertensive eyes with higher risk of glaucomatous visual loss tend to 
exhibit more pronounced defects to 'offset' stimuli despite the normal sensitivity to light 
onsets. Asymmetrical cupping of the optic nerve head is regarded as being highly 
suggestive of early glaucomatous neuropathy and 8 eyes within the OHT group had that 
condition. The LVon scores were in the normal range in 88% (7/8) of these eyes. 
Interestingly, 100% (8/8) of those eyes with asymmetrically enlarged cup-to-disc ratios 
in the OHT group produced abnormal LVoff scores, suggesting non-detection of 
glaucomatous damage by the 'onset' stimuli. Additionally, more pronounced positive 
correlation between the glaucoma risk factors and the global indices from the offset 
stimuli further confirm that glaucomatous visual sensitivity loss to the light offsets is 
more extensive than that to the light onsets. Indeed, the topographical distribution of the 
visual field defects to the offset stimuli in the OHT group and the correlation of these 
defects to those in two independent POAG groups provide further evidence that the 
offset stimuli may be indicating the damage that the onsets do not. These findings can
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be explained with the fact that threshold offset stimuli may be stimulating the 'off- 
pathway' which is formed by the 'off-centre' retinal ganglion cells. These cells are of 
larger somal diameter than their 'on-centre' counterparts174 and are more vulnerable to 
glaucomatous damage which preferentially affects large ganglion cells322370 and their 
large calibre axons325361. Additionally, the smaller quantity (reserves) o f retinal ganglion 
cells in 'o ff than 'on' system208326'229 and the magnocellular contribution for the visibility 
of low contrast stimuli on low photopic background 249350 may explain the visual field 
defects to 'offset' stimuli in the absence of any visual deficit to the 'onset' stimuli.
When the results of the onset stimuli of Humphrey VFA were compared in a reverse 
fashion to those from the offsets as the gold standard (n=55), the onsets had good 
specificity (i.e. 96%) but poor sensitivity (i.e. 63%) which also supports the above 
interpretation. It appears that both types of stimuli may be complementery to each other 
as suggested by the high positive (95%) and low negative (65%) predictive rates with 
onsets and high negative (96%) and low positive (63%) predictive rates with offsets. 
The implication of the above predictive rates is that the offsets may indicate defects 
when they do not exists to onset stimuli and also a normal field to offsets will also be 
normal to onsets.
The correlation between the quantity of glaucomatous visual field defects to the offset 
stimulus and the clinical parameters (the intraocular pressure, cup-to-disc ratio and risk 
of developing visual field loss) was stronger (i.e. higher r value) than the correlation 
observed with the defects to the onsets.
It is conceivable that the results of the comparison of light onsets and offsets in this 
study are not completely free from confounding factors. Firstly, the offset stimuli were 
presented with a moving fixation target while the onset stimuli were presented with 
steady fixation. For an ideal comparison of light onsets and offsets, one might argue on 
the necessity of conventional static fixation for both stimuli. As evidenced by the 
topographical reproducibility study described previously (Chapter 4.9) no confounding
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effect is expected to be introduced by dynamic fixation. Although the visual detection 
sensitivity in the field of vision during the slow pursuit eye movements remain the same 
as the sensitivity of a static eye32, the complete stop of the fixation target of CAMEC 
at the time of stimulus appearance further eliminates the likelihood of any blur which 
may be introduced by dynamic fixation. The mode in which the CAMEC test is 
administered with joystick interface may lead to the detection of different types of 
neural deficits, such as lack of attention especially in elderly. The evidence for this 
comes from 'Useful Field of View' test which registers central and peripheral selective 
attention tasks475,476. In some elderly individuals who have normal conventional visual 
fields, attentional and information processing deficits rather than the sensory ones may 
be present. The joystick mediated fixation monitoring system of CAMEC imposes a 
dual-task selective attention paradigm with central (tracking) and peripheral (detection) 
tasks whereas the static fixation method of Humphrey VFA has only the peripheral 
detection task. As most of the elderly individuals were previously noted to have 
difficulties with the joystick use, resulting in prolongation of the CAMEC test and 
patient fatigue (Chapter 4.6), that additional burden was eliminated by using the joystick 
by the operator (author). That modification is expected to eliminate the occurrence of 
visual attentional deficits during testing with the offset stimuli of CAMEC. Although 
it is not entirely possible to filter out any attentional deficit component in the 
explanation of field defects to light offsets in the OHT group, the correlation between 
the defects and glaucomatous clinical parameters as well as the 100% specificity in age 
matched control group suggest that any attentional deficits because o f dynamic fixation 
technique were unlikely.
In this study, the threshold determinations with the offset stimuli could be performed 
only with the ascending single-crossing technique rather than a double-crossing 
bracketing strategy (i.e. STATPAC) of Humphrey Visual Field Analyzer, due to the 
design of CAMEC software. The thresholding strategy of CAMEC is similar to that of 
the new FASTPAC procedure of Humphrey VFA. Recent studies have demonstrated 
that the FASTPAC procedure had greater within-subject variability (short-term
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fluctuation=STF) in threshold estimates477,478 which is included in the LV score. 
Corrected loss variance (CLV) calculation is the method of filtering out that STF 
component, but that was not possible because of lack of repeat threshold measurements 
in CAMEC test. Instead, LV was implemented on Humphrey results. It is known that 
increased STF may be the first sign of early visual field loss in glaucoma103,104. As a 
result, the existing defects to the offset stimuli in OHT group, at least to some extent, 
may be the result of higher STF component in the visual field. At the same time, 
FASTPAC threshold determination is known to cause underestimation of glaucomatous 
visual field defects477,479. That makes it more unlikely for the FASTPAC-like strategy 
and inherent higher STF to be the explanation for the significant field loss to the offset 
stimuli in the OHT group of this study. Besides, the frequency of involvement at the 
individual test points in the POAG group was higher, and the field defects were more 
pronounced with the offset stimuli and single-crossing strategy than those with the 
STATPAC of conventional perimeter. Furthermore, the distribution of the visual field 
defects to the offset stimuli both in glaucomatous and ocular hypertensive eyes are 
remarkably similar to those to the conventional onset stimuli in two different groups of 
glaucomatous eyes, confirming the true nature of the glaucomatous visual deficits to 
light offsets.
Ideally, the monitor size should have been large enough to cover the full extent of the 
central field. Nonetheless, the calculation of normative values for each test location with 
the same equipment and test algorithm cancels out any effect that small monitor size 
and resulting light adaptation irregularities may introduce. Secondly, eye movements 
reduce the possibility of topographical luminance irregularities on the retina 
implemented by the monitor screen uneven brightness. As the onset and offset stimuli 
were generated on two different media, namely a CRT monitor and a projection bowl 
respectively, stimulus perception properties were most likely different. The onsets and 
offsets could not be produced with satisfactory calibration to present equal and opposite 
amount of light changes as part of two separate CAMEC tests because of the limited 
dynamic range and non-linear luminance curve of the 64 shades of grey available and
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the nature of the hardware. The final comprehensive psychophysical comparative 
evaluation of the light offsets and light onsets should be possible in the future with the 
ability of creating equal but opposite amounts of light changes on a CRT. Unless such 
a work is performed with a suitable software and CRT, perhaps using 256 or more 
shades of grey in normal and abnormal fields, the clinical evidence with strong statistics 
described here on the superiority o f offsets over onsets may not be fully conclusive. The 
prospective long-term follow up of those ocular hypertensive eyes with field defects 
only to the offset stimuli and the documentation of conversion of the conventional field 
results from normal to abnormal will support the findings of this cross-sectional study.
The usefulness of dynamic fixation and the light offset stimulus in day-to-day perimetric 
practice depends not only on its sensitivity and specificity to visual defects but also the 
efficiency (time requirement) of the test mode in which it is employed. Long test 
durations with the ascending 2 dB offset stimulus steps in the abnormal visual fields 
restrict the usefulness of the current technique in the quantification and follow up of 
visual field abnormalities. The implementation of a double-crossing bracketing technique 
in CAMEC should be expected to result in longer test times and further sacrifice in the 
efficiency of the current design of dynamic fixation method. No negative effect from 
long test durations with the ascending method on the reliability of the results from 
glaucomatous eyes in this study, however, is suspected because of ample rest periods 
provided during the tests.
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4.11. Final Remarks
Too many fixation losses, false negative and positive responses render a field test result 
unreliable88,89,480. Glaucoma patients usually give consistently unreliable results due to 
false negatives on repeat testing86,480 whereas normals, ocular hypertensives and 
glaucomatous individuals produce unreliable results almost exclusively due to fixation 
instability regardless of experience86,87,480. Loss of fixation is, therefore, one of the severe 
limitations of conventional "oculo-static" perimetry, which prevents many patients from 
being examined409,452. One method of overcoming this problem is to test the blindspot 
several times during an examination, but this may be unreliable in the presence of 
extensive visual field loss.
The fixation method used in CAMEC, the first automated dynamic fixation instrument, 
successfully holds fixation only if the difficulty of the tracking procedure is well 
adjusted to the patient's level of ability. If the task is too easy, then some uncooperative 
patients will look away from the target and search for the stimulus, whereas if the task 
is too difficult, then the examination will be slow, tiring and even impossible for the 
elderly. CAMEC therefore measures the patient's ability to track the fixation target, first 
of all, during a preliminary examination, and then intermittently during the examination 
proper. The moving fixation target undoubtedly slows down the examination, but this 
is not important if the only other alternative is not to perform any perimetry at all. For 
experienced patients who are so trustworthy that monitoring of fixation is unnecessary, 
the tracking process can be made easier or completely shut off so that the examination 
can be performed more quickly. Indeed, Dicon Autoperimeter has recently integrated 
a projected moving fixation light to maintain patient interest and that does not require 
any tracking.
The moving fixation target may not cause problems in patients with strabismus, because 
one eye is covered and because it is possible for such patients to turn the head instead 
of the eye. CAMEC has not yet been assessed in patients with severe ophthalmoplegia,
gaze paresis or nystagmus, who may have difficulty with the examination.
Some individuals, especially if elderly, are unable to manipulate the joystick, resulting 
in progressive prolongation of the test with age or complete non-compliance. With such 
patients, the tracking procedure can either be simplified or the joystick can be 
manipulated by an examiner, with the patient telling the examiner when the stimulus is 
seen. Optionally, in future versions of CAMEC, the tracking may be made automatic. 
In such situations, the examiner would, of course, need to monitor fixation as with non­
automated forms of perimetry.
Automated visual field examination in both screening and quantification of visual 
defects has been achieved for the first time using static light offset (decremental=dark- 
on-bright) stimuli conforming to international standards. Initial results suggest that light 
offsets may reveal defects as well or better than the conventional onset stimuli. Further 
studies are required to establish the specificity o f the offset stimulus to 'off-pathway' and 
'magnocellular' system. Offset stimuli prevent the problem caused by persistent 
phosphorescence on the computer screen after an onset stimulus on a dim background 
has been switched off. Bright background also minimizes screen reflections. The flicker 
sensation also becomes more perceptible with increasing background luminance. 
Excessive screen flicker may interfere the perception of very low contrast stimuli 
inadvertently and therefore, for testing with high background luminance, the vertical 
refresh rate of the VGA computer monitor may need to be increased from standard 70 
Hz. to 100 Hz. with accessory graphic cards.
In addition to the need for a suitable bracketing strategy for more efficient thresholding 
with the light offset stimuli, the current dynamic range of the offset stimulus intensities 
on video displays require to be improved and refined further. The Goldmann stimulus 
size IV was selected for clinical testing with light offsets because of its wider dynamic 
range, higher resistance to optical blur and lower inter-individual detection variability. 
In the lower end of contrast spectrum where small luminance changes correspond larger
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decibel values, more precise quantification may be achieved with additional steps 
between 22-28 dB (-10% to -4%) contrast especially within 15 degrees from the 
fixation. For that purpose, either improved video graphics with larger selection of grey 
shades or monitors with suitable screen luminance dynamics may prove useful.
Because of the low cost of personal computers, CAMEC can be useful in non- 
ophthalmic clinics where the demand for visual field examination is not enough to 
justify a financial investment in more expensive equipment. In addition, CAMEC may 
be useful for reserve purposes in the event of an over-demand for the conventional 
perimetry or a breakdown of such equipment in ophthalmic clinics.
The monitoring of glaucoma patients by sequential perimetry is currently limited by 
severe logistical problems, which make it necessary to reduce the frequency of visual 
field examination to six or twelve monthly. The recognition of progressive visual field 
deterioration can therefore be delayed considerably. In selected cases, CAMEC may 
allow more frequent visual field examination, either using equipment installed in the 
patient's home or at a hospital or community clinic on a non-appointment basis. If a 
statistical program such as regression analysis of the global field sensitivity or individual 
thresholds at different test location is incorporated that would bring more reliability in 
the recognition of significant visual field loss changes over time. So that, even the 
frequency of routine hospital visits by patients with glaucoma may safely be reduced 
by performing home follow-up with personal computers. Such a strategy would, 
however, need to be rigorously evaluated, before any recommendation can be made.
CAMEC is a visual field analyzer which attempts to train the patient how to perform 
the examination, using auditory and other commands and instructions. As the adjustment 
of test variables and storage of results are also fully automated, CAMEC may be useful 
for screening purposes in the community using portable or fixed equipment. A problem 
with visual field examination in non-specialized clinics is the interpretation of the 
results. For this reason, a diagnostic facility for CAMEC, which is based on automated
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pattem-recognition with a neural network, has been described.
Future research work is required to define the effect of dynamic fixation in control of 
fixation losses, false positive and negative responses in comparison to conventional 
static fixation during clinical testing. The optimum stimulus parameters for a threshold 
strategy using offsets, including various stimulus sizes, decibel steps and bracketing 
strategies, should be investigated further. The effect of media opacities, especially 
cataract, on offset thresholds should be defined. Short term fluctuation and inter-test 
(long-term) variability of offset thresholds should also be established with further work 
using improved test software programs. Finally, threshold testing with offset stimuli 
should also be experimented in other disease categories such as retinopathies or optic 
neuropathies other than glaucoma to expand its clinical scope.
By using a moving fixation target and offset stimuli on standard personal computers, 
automated visual field examination may, in the future, become a routine procedure in 
a wide variety of situations where the usefulness of other forms of perimetry is limited.
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APPENDIX
A scientist never really finishes his work, he merely abandons it.
[Paul Valery]
Table 1: Negative contrast (offset) steps available in the ascending threshold program of 
CAMEC.
Grey Shade Luminance(cd/m2) Contrast (Weber's)
Number Background Stimulus Percent(%) Decibel(dB)
37 10.00 10.00 0 ~
36 it 9.60 - 4 28
35 if 9.25 - 7.5 22.5
34 it 8.90 - 11 19
33 it 8.55 - 15 17
32 it 8.20 - 18 15
31 it . 7.80 - 22 13
29 it 7.20 - 28 11
27 tr 6.50 - 35 9
24 it 5.35 - 47 7
20 it 4.15 - 59 5
1 it 2.40 - 76 2.4
Table 2: The blind spot test parameters of Dicon Autoperimeter and CAMEC.
Parameters Dicon: CAMEC:
Background Type Bowl, White CRT, White
Backgr. Luminance 10 Apostilb 32 Apostilbs
Stimulus Type Static, onset (diode) Static, offset
Stimulus Area 2 mm2 5 mm2
Stimulus Luminance 500 Apostilb 8 Apostilb
Stimulus Duration 0.3 second 0.3 seconds
Table 3: The amount of plus sphere refraction required to achieve various visual acuity levels. 
Visual Acuity Log Attenuation CorrectionfMean&St.Dev.l
6/6 (20/20; J l) 0.0 3.45 ±3.38 Diopter 
(min. -7.00, max. 0.0)
6/12 (20/40; J3) 0.301 -0.80±2.90 Diopter 
(min. -4.00, max. +2.50)
6/24 (20/100; J10) 0.602 +0.05±3.10 Diopter 
(min. -3.00, max. +3.50)
6/60 (20/200; J16) 1.00 +0.95±3.29 Diopter 
(min. -2.00, max. +5.00)
Table 4: Selection criteria for POAG, OHT and control cases.
PO A G (n=2n OHT(n=:2n Controls! n= 131
Visual Acuity > 6 /6 > 6 /6 > 6/6
Correction < ±7.00 D. 
spherical eq.
< ±7.00 D. 
spherical eq.
< ±7.00 D. 
spherical eq.
Pupil Size 3-6 mm. 3-6 mm. 3-6 mm.
IOP (highest) > 22 mmHg > 22 mmHg < 22 mmHg
C/D Ratio
or
> 0.5 N/A < 0.5
Visual Field Abnormal Normal Normal
(D:diopters, IOP:intraocular pressure, C/D=cup to disc ratio, N/A:not applicable)
Table 5: Detection of physiological blind spot according to the number of corresponding test 
stimuli in OKC.
Eye
Right Left Both
Non-Fluctuating Positive
Chart A 37 (53.6 %) 38 (55.1 %) 75 (54.3 %)
Chart B 54 (80.6 %) 48 (71.6 %) 102 (76.1 %)
Fluctuating Positive
Chart A 5 (7.2 %) 9 (13.0 %) 14 (10.1 %)
Chart B 5 (7.5 %) 1 (10.5 %) 12 ( 9.0 %)
False Negative
Chart A 27 (39.1 %) 22 (31.9 %) 49 (35.5 %)
Chart B 8 (1 1 .9 % ) 1 2 (1 7 .9 % ) 2 0 (1 4 .9 % )
Total
Chart A 69 (100 %) 69 (100 %) 138 (100 %)
Chart B 67 (100 %) 67 (100 %) 134 (100 %)
Table 6: Stimulus durations which can be obtained with CAMEC software program.
Preset Duration Actual 
Mean (sec.) St. Dev. Minimum Maximum
0.1 sec. 0.1655 0.0357 0.10938 0.22266
0.2 sec. 0.2834 0.0600 0.16156 0.39063
0.4 sec. 0.4813 0.0483 0.37891 0.60156
0.6 sec. 0.6617 0.0560 0.55078 0.77344
Table 7: The details of paediatric cases abandoned the test.
Patient# Age (yrs) Sex Eye Dicon CAMEC
1 4 F L (-) (-)
2 5 F L (-) (-)
3 4 F R (+) (-)
4 4.5 M L (-) (+)
5 .5.5 F R (-) (-)
6 4.5 M R (-) (-)
7 4 M R (-) (-)
8 4 F L (-) (-)
(+):test completed, (-):test abandoned, M:male, F:female, R:right, L:left]
Table 8: Patiens screened for neuro-ophthalmic visual field loss.
Initials Diagnosis 5 0 M M Obstructive hydrocephalus
51 E C Chiasmal arachnoiditis
m e Pituitary apoplexy 5 2 E P Pseudotum or cerebri
2 J G 3rd nerve paresis 53 M M M ult ip le  sclerosis
3 M D O ccip ita l  lob e  infarct 5 4 H M C erebello -pontine  an g le  tumour
4.W S Arterio-venous malformation 5 5 .JM Pituitary adenom a
5. A H Suprasellar m en en g iom a 5 6 .A F C erebello -pontine  angle  tumour
6 M C Temporo-parietal tumour 57 M S Pituitary adenom a
7JKW M igraine 58.G C C erebello -pontine  angle  tumour
8.PC Pituitary adenom a 59JDB Arteriovenous malformation
9JLR Pseudotum or cerebri 60 .S C H ead  trauma
10.D M H ead  Trauma ■ 6 1 N W Pituitary adenom a
11. A S H ead ach e 6 2 .C M Craniopharyngiom a
12.CF H ead Trauma 6 3 H F Brainstem  tumour
13 JT Epilepsy 64. W M Hydrocephalus
14.GM H ead Trauma 65.SR M igraine
15JEK Pituitary adenom a 66 . JR Suprasellar tumour
1 6 E D Pituitary adenom a 67. A M Temporal hem ianopia
17.JC Orbital tumour 6 8 .A A Optic neuritis
18.JS Pseudotum or cerebri 69 .S H H eadache
19.IC Pituitary A d enom a 7 0 .A L M itochondria l m yopathy
2 0 .S G Pseudotumor cerebri 71 .A K Occipital infarct
21.JM Corpus ca l losu m  tumour 7 2. A M A rteriovenous malformation
2 2  E W Orbital cellu lit is 73 .G M Aquaduct stenosis
23.T H Temporal lo b e  tumour 7 4 M M H ead  trauma
2 4 D M Suprasellar tumour 7 5 M H M igraine
2 5 H A Saggital sinus thrombosis 7 6 M G Craniopharyngiom a
26 . JP Pituitary adenom a 77JDA Pituitary adenom a
2 7 .S M Pituitary adenom a 78 .C W Temporo-parietal infarct
28.PB Parasellar tumour 79.C B Pituitary adenom a
29  P L PPseudotum or cerebri 80 .G M Head injury
30.JM Pituitary adenom a 81.SR Parieto-occipital infarct
3 1 JL Am arosis  fugax 8 2 M B Ventricular cyst
3 2 P G O ccip ita l lob e  tumor 83JCM Parasellar tumour
3 3 L P O culom otor palsy 8 4 M A Frontal lob e  tumour
34.A C Pseudotumr cerebri 85.JP D ysthyroid  e y e  d isease
35 .A C Temporal lo b e  tumor 8 6 M A Chiasmal g l iom a
36 .JP Pituitary adenom a 87.CB Optic neuritis
37.IV Craniopharyngiom a 8 8 J H Empty se l la  syndrom e
38 .A C H ydrocephalus 8 9 L M Pseudotumor cerebri
39.JP C raniopharyngiom a 90. W S Pseudotumor cerebri
4 0 P H H y p o p h y sec tom y 9 1 JH Pituitary adenom a
41 .M K Optic neuritis 92 £ T Suprasellar tumour
42JCR Brainstem  astrocytoma 9 3 M B M igraine
43. JA Pseudotum or cerebri 9 4 E B Hydrocephalus
44.TI H ypothalam ic  astrocytoma 9 5 E D H ead ach e
45  .JM Suprasellar h em an giom a 96 .V M Post-traumatic optic athrophy
46JECM Pituitary adenom a 97 E M Pseudotum or cerebri
47  .IM Craniopharyngiom a 9 8 E D M ult ip le  sclerosis
4 8 .C M Chiasmal g l iom a
4 9 M C M igraine
Table 9: Test durations (in seconds) of CAMEC 26-Point screening test in neuro-ophthalmology.
Mean St.Dev. Minimum Maximum
Unilateral Test:
Normal (n=5) 514 132 450 750
Abnormal (n=22) 785 218 494 1310
Bilateral Test:
Both Normal (n=22) 711 97 588 951
One Abnormal (n=13) 778 155 584 1153
Both Abnormal (n=36) 1210 391 638 2126
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Table 12: Offset thresholds at various visual acuity levels (Mean & St.Dev. in dB).
Stimulus Size = 4 mm2 (Goldmann III)
Snellen Acuity
Eccentricity 6/6 6/12 6/24 6/60
6° 21.8±1.8 21.4±1.7 20.4+2.4 19.2+2.3
12° 21.4±1.7 21.0±2.0 20.8+1.8 18.0+2.9
18° 21.2+1.1 20.4+3.0 18.2+2.4 15.8+3.4
24° 19.’4±1.7 17.0±1.0 17.2+1.6 14.0+2.2
30° 16.8±0.4 16.4±1.5 16.0+2.4 14.4+1.5
Stimulus Size = 16 mm 2 (Goldmann IV)
Snellen Acuity
Eccentricity 6/6 6/12 6/24 6/60
6° 23.0±0.0 23.0±0.0 23.0+0.0 22.8+0.5
12° 23.0+0.0 22.2±1.1 22.6+0.9 21.4+1.7
18° 22.0±1.8 22.2±1.8 21.2+2.5 20.6+2.5
24° 21.0+2.0 21.8+1.8 20.8+2.3 20.6+1.7
30° 19.8±2.2 20.4+2.0 19.8+2.3 19.0+2.1
Table 13: Offset stimulus spatial summation coefficient (k) values at and beyond 18 degrees 
eccentricity at various visual acuity levels (*: k not calculated).
Snellen Acuity
Eccentricity 6/6 6/12 6/24 6/6Q
6° * * * k=0.30
12° * * * k=0.28
18° k=0.07 k=0.13 k=0.25 k=0.4
24° k=0.13 k=0.40 k=0.18 k=0.55
30° k=0.25 k=0.33 k=0.32 k=0.38
Table 14: The average results (Mean & Standard Deviation) from the eyes included in the study 
(POAG=Primary Open Angle Glaucoma, OHT=Ocular Hypertension).
POAG OHT Control
IOP
(highest;mmHg)
27.8±5.3 
(range 19-36)
27.6±3.1 
(range 22-32)
15.6±1.9 
(range 13-19)
C/D 0.58+0.14 
(range 0.4-0.8)
0.49+0.20 
(range 0.2-0.8)
0.42+0.05 
(range 0.3-0.5)
Family History (-+): 14,(-):7 (+):10,(-):11 (+):0,(-):13
RDVFL 0.80+0.25 
(range 0.23-0.99)
0.61+0.37 
(range 0.04-0.99)
0.08±0.05 
(range 0.02-0.19)
MSon(dB) 26.2±3.3
(range 18.3-30.1)
30.8±1.3
(range 27.4-32.9)
30.7±1.3
(range 28.5-33.0)
MSoff(dB) 16.8±2.8
(range 10.0-21.0)
19.8±1.5
(range 17.1-21.9)
20.8±0.7
(range 19.6-21.8)
MDoa(dB) 4.3±3.2
(range +0.8_+12.5)
0.06±1.19 
(range -2.2_+2.3)
0.05±0.9
(range -1.35_+1.6)
LVon(dB) 35.2±37.3 
(range 7.8-136.0)
2.8+1.8
(range 0.5-7.4)
2.8±1.2
(range 0.7-5.2)
MDoff(dB) 3.8±2.4
(range -0.1_+10.8)
0.8±1.5
(range -1.2_+0.3)
-0.2±0.6
(range -0.9_+0.8)
LV0ff(dB) 27.0±22.2 
(range 2.0-70.6)
5.4±4.2
(range 1.0-14.4)
1.9±0.6
(range 1.0-2.9)
Table 15: Abnormal test result rate with light onsets and offsets in the glaucoma, OHT and 
control groups.
95% P.L.
CONTROL
OHT
GLAUCOMA
98% P.L.
CONTROL
OHT
GLAUCOMA
99.9% P.L. 
CONTROL 
OHT
GLAUCOMA
M a n
0.46 dB 
23% (3/13) 
33% (7/21) 
100% (21/21)
L Y o n
3.15 dB 
23% (3/13) 
33% (7/21) 
100% (21/21)
MBoir 
0.36 dB 
23% (3/13) 
48% (10/21) 
91% (19/21)
LYoff 
2.37 dB 
23% (3/13) 
67% (14/21) 
95% (20/21)
0.59 dB 
15% (2/13) 
33% (7/21) 
100% (21/21)
3.22 dB 
15% (2/13) 
33% (7/21) 
100% (21/21)
0.41 dB
15% (2/13) 
43% (9/21) 
91% (19/21)
2.44 dB 
15% (2/13) 
67% (14/21) 
91% (19/21)
1.56 dB 5.23 dB 0.83 dB 2.92 dB
0% (0/13) 0% (0/13) 0% (0/13) 0% (0/13)
5% (1/21) 14% (3/21) 43% (9/21) 62% (13/21)
86% (18/21) 100% (21/21) 86% (18/21) 91% (19/21)
Table 16: The test durations and total number of stimulus presentations with the light onset 
stimuli using bracketing technique, and with the light offset stimuli using ascending single 
crossing method. Short term fluctuation could not be calculated for the offsets because of lack 
of repeat thresholding at selected locations (ASC=Ascending Single Crossing; BT=Bracketing 
Technique; STF=Short Term Fluctuation).
Test Time 
(seconds)
BT
ASC
POAG
747±100 
(range 600-943)
'1249±358 
(range 608-1890)
OHT
653±89
(range 516-915) 
832±260
(range 392-1337)
CONTROL
655+76
(range 520-870)
683±133 
(range 480-888)
Number 
of Trials
BT
ASC
389±52
(range 319-501) 
145±12
(range 69-231)
340±14
(range 315-365) 
99±32
(range 56-159)
342+12
(range 316-359) 
76±13
(range 58-96)
STF (dB) 
BT 1.7+0.8
(range 0.9-4.5)
1.4+0.4
(range 0.8-2.1)
1.3±0.3
(range 0.7-1.9)
ASC N/A N/A N/A
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G l a s e r , J . S . ,  T r i a d  P u b l i s h i n g ,  1 9 8 3 ) .
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F i g u r e  4 :  T h e  o r g a n i s a t i o n  o f  t h e  r e t i n a l  n e r v e  f i b e r  l a y e r .
LEFT RIGHT
F i g u r e  5 :  a .  T h e  o p t i c  c h i a s m ,  b .  H e m i a n o p i c  f i e l d  l o s s  i n
c h i a s m a t i c  l e s i o n  ( F r o m : T h e  V i s u a l  F i e l d s  M a n u a l ,  T r o b e  J . D . ,  
G l a s e r , J . S . ,  T r i a d  P u b l i s h i n g ,  1 9 8 3 ) .
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SURFACE REFLECTANCE 
95 %r (ALBEDO)
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SURFACE REFLECTANCE 
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F i g u r e  6 :  L u m i n a n c e  p r o f i l e s  o f  l i g h t  i n c r e m e n t s  ( o n s e t s )  a n d
d e c r e m e n t s  ( o f f s e t s )  i n t r o d u c e d  b y  b l a c k  a n d  w h i t e  s t i m u l i  o n  
o p p o s i t e  a s  w e l l  a s  g r e y  b a c k g r o u n d s .
r> 
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You w* need a  pen.o record sheet and 
a  good Sght srYnog from above
Fold the patch  inwards and  hold it over the 
closed left eye. using the left hand, as 
shown in the llustratlon
Support the lower e d g e  of the chart on a  table or 
on your lap and wtlh the right hand hold the chart 
upright The block spot should be  about 16 Inches 
(60cm) directly In front of the right eye
3  Proceed with the test only If the rsumberi are 
clearly seen
Look at the letter R. If you are In the correct 
position the black spot should disappear into 
your normal blind spot
Look at the number I for about one second 
Without moving your eye away from the number, 
ask yourself whether the spot can  be  seen out 
of the comer of your eye Remember to keep 
the eye very still when looking at the number and 
do  not look directly a t the spot
Repeat this procedure with each  number m turn 
from 1 -26. When you hove finished, confirm your 
results by performing the examination a  second 
time
If any numbers consistently make the spot 
disappear, cross out the corresponding numbers 
on the record sheet.
Turn the chart over to test the left eye.
Figure 7: The Oculo-Kinetic Campimetry Chart.
Chart A
Chart B
Figure 8: a. Oculo-Kinetic Campimetry Chart A; b. OKC Chart
Figure 9: The equipment used in Computer Assisted Moving 
Eye Campimeter (CAMEC).
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F i g u r e  1 1 :  T h e  t e s t  g r i d  f o r  CAMEC 2 6  P o i n t  S c r e e n i n g  P r o g r a m
( F i l l e d  c i r c l e s : P r i m a r y  t e s t  l o c a t i o n s ;  E m p t y  c i r c l e s :  S e c o n d a r y
t e s t  l o c a t i o n s ) .
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F i g u r e  1 2 :  A g e  d i s t r i b u t i o n  o f  t h e  c h i l d r e n  t e s t e d  w i t h  CAMEC a n d
D i c o n  A u t o p e r i m e t e r  B l i n d  S p o t  T e s t  P r o g r a m s .
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Figure 13: Test grids of the paediatric blind spot test programs of
CAMEC and Dicon perimeter.
F i g u r e  1 4 :  P r i m a r y  t e s t  l o c a t i o n s  i n  t h e  n o r m a l  l e f t  v i s u a l  f i e l d  
a n d  s e c o n d a r y  t e s t  l o c a t i o n s  a d d e d  a u t o m a t i c a l l y  i n  t h e  a b n o r m a l  
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s e c o n d a r y  s t i m u l i .  N o  s e c o n d a r y  s t i m u l i  w e r e  u s e d  i n  t h e  n o r m a l  
l e f t  e y e .
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F i g u r e  1 5 :  T h e  s t i m u l u s  l o c a t i o n s  o f  CAMEC 7 6  P o i n t  S c r e e n i n g  T e s t ,  
s h o w i n g  d o u b l e  a r c u a t e  s c o t o m a s  i n  a  g l a u c o m a t o u s  e y e  t e s t e d  w i t h  
s i n g l e  i n t e n s i t y  ( - 7 6 % )  o f f s e t  s t i m u l i .
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Figure 16: The offset stimuli test locations along the nasal
horizontal meridian. The vertical and horizontal separation between 
the stimuli were 4 and 6 degrees respectively.
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Figure 17: The blind spot test grid of CAMEC had one-degree
resolution.
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Figure 19: The effect of ambient illumination on black-on-white and 
white-on-black stimuli.
The Effect of Ambient Illumination 
on Isopter Sizes.
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Figure 20. The effect of ambient illumination on black-on-grey and 
white-on-grey stimuli.
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Figure 21: OKC positive result rate according to the stage of 
glaucomatous visual field loss in all eyes (top) and worse eye of 
each patient (bottom).
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Figure 22: OKC positive result rate according to the age of control 
cases.
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Figure 23: 0KC abnormality in glaucoma suspect eyes of various age 
groups.
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Figure 26: Equivalent Friedman Analyser light sensitivity required 
for 50% detection of 1.5 mm diameter offset (black-on-white) 
stimulus of O K C .
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Figure 27: OKC results above the age of 60 years, using 1.5 mm (t„p) 
and 3.0 mm (bottom) black-on-white stimulus.
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Figure 28: The average luminance of the concentric zones on CRT
surface against time (in hours).
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Figure 30: Top: The average luminance of 64 shades of grey as 
uniform screen background. Bottom: The average luminance obtained
with small grey patches (shades 1-40) as foreground on 10 cd/m2 
background.
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Figure 32: The scores obtained in each eye by the blind spot tests
of CAMEC and Dicon Autoperimeters -
Figure 33: Left homonymous superior quadrantanopia to light offsets 
(top) and Goldmann perimeter (bottom) caused by a right intracranial 
temporo-parietal lobe tumor.
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Figure 35: Regression analysis of CAMEC test duration (in seconds)
versus patient age (in years) in bilaterally normal (top) and 
abnormal fields (bottom).
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Figure 36: The frequency of abnormality at each test location on
STATPAC Total Deviation (top) and Pattern Deviation (bottom) 
results.
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Figure 37: A superior Bjerrum scotoma to Humphrey VFA on STATPAC 
(top row) and CAMEC with four different single intensity offset 
stimulus contrasts (middle and bottom rows). Offset stimuli were 
not age adjusted and the normal portions of the diseased central 
visual field served as the control for the detectability of offset 
stimuli. No age-matched controls with completely normal eyes were 
employed.
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Figure 38: The nasal field loss on STATPAC result appeared more 
extensive when compared with lowest contrast (-10%) offset stimuli 
which also revealed double arcuate scotomas. Single intensity 
offset stimulus contrasts were not age adjusted and selected 
arbitrarily. Normal portions in the field serve as the control for 
the diseased parts in each tested eye.
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Figure 39: The true and false positive result rates with offset 
stimuli against STATPAC Pattern Deviation results at all test points 
in three annuli eccentricity bands.
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Figure 40: equivalent Humphrey threshold levels required for the 
detection of light offsets on 10 cd/m2 background.
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Figure 41: Equivalent Humphrey threshold levels required for the 
detection of light offsets on 100 cd/m2.
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Figure 43: Topographical reproducibility of blind spot mapping
varied between 64% (top) to 80% (middle) with an average of 73% 
(bottom).
Figure 44: Mean+Standard Deviation offset detection sensitivity (in 
decibels) at each test location in the central visual field.
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Figure 45: CAMEC and Humphrey VFA results in three glaucomatous eyes 
showing similar defects.
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Figure 46: Global field indices obtained with offset and onset
stimuli.
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Figure 47: The field results from three ocular hypertensives. 
The normal field of the right eye of a 69 year old male with 
IOP of 25 mmHg and symmetrical CDR of 0.2 (Top); In a 63 yr 
old male, offset stimuli showed an inferior Bjerrum scotoma in" 
the right eye with IOP of 32 mmHg (20 mmHg in the left eye) and 
CDR of 0.7 (0.4 in the left eye)(Middle); Superior nasal step 
and inferior Bjerrum scotoma to offsets in the left eye of a 
69 year old female with IOP of 32 mmHg and CDR of 0.6 (27 mmHg 
and 0.5 in the right eye respectively)(Bottom).
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Figure 49: The correlation between the global visual field indices
and the risk of developing visual field loss (RDVFL) in all eyes.
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Figure 50: The correlation between the global visual field indices
and the level of intra-ocular pressure (IOP) in all eyes.
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Figure 51: The correlation between the global visual field indices
and the cup-to-disc ratio (CDR) in all eyes.
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Figure 52: Family history had no significant effect on average field 
scores obtained with onset and offset stimuli.
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Figure 53: Topographical frequency distribution of 
visual field defects to onset stimuli of Humphrey 
VFA in POAG.
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Figure 54: Topographical frequency distribution of 
visual field defects to offset stimuli of CAMEC 
in POAG.
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Figure 55: Topographical frequency distribution of 
visual field defects to offset stimuli of CAMEC 
in OHT.
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Figure 56: Normal visual fields of an 8 year-old to CAMEC and
Humphrey tests.
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Figure 57: Right homonymous supero-temporal partial guadrantanopia 
caused by left temporal lobe lesion in a 5 1/2 year old girl who 
could be tested with CAMEC only.
Figure 58: Complete bitemporal hemianopia to the offset stimuli of 
CAMEC in a 50 year old male with pituitary adenoma. The hemianopic 
defects were partial, involving only the upper temporal quadrants, 
when tested with conventional Goldmann perimetry.
3 0 '
Figure 59: Bitemporal hemianopia to the offset stimuli of CAMEC in 
craniopharyngioma. The complete hemianopic defect to the offset 
stimuli was underestimated by Goldmann perimetry in the right eye.
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Dear Dr Mutiukan
RE: COMPUTER ASSISTED MOVING EYE CAMPIMETRY IN 
THE DETECTION AND MANAGEMENT OF GLAUCOMA.
Thank you very m uch  for submit t ing  your final report  on the  
above  project and a sso c ia ted  papers  and poster .  Your report 
w a s  very well received by our com m it tee  w h e n  it w a s  
considered  at  th e  Prevention of Blindness Sub C o m m it tee  on 
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Dear Dr Mutiukan
RE: FINAL REPORT - EVALUATION OF CHAMEC IN THE
DETECTION AND MANAGEMENT OF GLAUCOMA.
T hank  you for subm it t ing  your final report  on th e  above  project  
w h ich  w a s  d isc u sse d  by RNIB Prevention of b l indness Research  
Sub  C om m it tee  w h e n  it m et  on 9 February.  M em bers  w ere  
im pressed  with  the  c o n te n t  of the  report  and a sked  th a t  their 
congra tu la t ions  be e x te n d ed  to  all t h o s e  conce rned .
Yours  sincerely
Zoe Wave!!
Research Grants Co-ordinator 
RNIB Health Services Unit
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Dear Dr M utiukan
Re: RNIB Research Grant
Title: C om puter Assisted Moving Eye C am pim etry
Thank you very much for your report on the above research 
project. When it met on 7 October our Prevention of Blindness 
Research Sub-com m ittee  was extrem ely impressed by the results 
you have achieved and have asked me to  extend their 
congra tu la tions to  you.
Further to  your le tter of 31 August I am afraid th a t RNIB is unable 
to o ffe r you any assistance w ith  your travelling scholarship to 
Japan. I do hope you will be successfu l in find ing fund ing from  
e lsewhere and have a successful and enjoyable conference.
Yours sincerely
PATRONS: Her M ajesty the Q ueen. Her M ajesty Q ueen Elizabeth the Q ueen M uther
PRESIDENT: His Grace the Duke of Westminster DL 
CHAIRMAN: John A Wall MA (Oxon)
VICE CHAIRMAN:Colin M Low MA
HON FINANCIAL ADVISER: The Rt Hon the Lord Catto
HON TREASURERS: A F Morton, Jack A Dunn FCIB
DIRECTOR GENERAL: Ian Bruce BSocSc FBIM
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Dear Mr Mutiukan
Thank you for applying for an Ophthalmology Section Travelling 
Fellowship. I am delighted to let you know that the Council 
have decided to award you a fellowship of £500. Please find the 
cheque enclosed.
You may be asked to attend a Section meeting and report on your 
trip to Florida.
Yours sincerely
Mrs S Greshoff 
SECTIONS OFFICER
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Dear D r . M u t 1 ukan ,
It was a p l e a s u r e  to s u p p o r t  y o u r  a p p l i c a t i o n  
for the I.G.A. R e s e a r c h  G r a n t  at t he G l a u c o m a  G ro up  
G r a n t s  C o m m i t t e e  # s r e c e n t  m e e t i n g  in O x f o r d  and
as y o u  k n o w  it was s u c c e s s f u l .
A c h e q u e  for the ^ 2 , 5  00 is e n c l o s e d  at the r e q u e s t  
of Dr. N a g a s u b r a m a n i a n , S e c r e t a r y  of the G l a u c o m a  
G ro up,  w i t h  our c o n g r a t u l a t i o n s .  You are a l r e a d y
a wa re  of the g en era l r e g u l a t i o n s  r e g a r d i n g  I.G.A. 
g r a n t s  w h i c h  we note w it h  s a t i s f a c t i o n  y o u  have
a l w a y s  s c r u p u l o u s l y  o b s e r v e d .  We shall f o l l o w  the
p r o g r e s s  of y o u r  w or k  w ith  g r e a t  i n t e r e s t .
C h a i r m a n :  R o n a ld  Pitts Crick  FRCS 
A sso c ia t io n  S e c re ta ry :  Mrs Betsy Wright 
M e m b e r s h i p  S e c re ta ry :  J o h n  Wright ACP F.Col.P.
Patrons: 
Sir J o h n  Wilson CBE 
L ady  Martin
20t h A u g u s t  1992.
Y ou rs si n c e r e l y ,
R . P I T T S  C R I C K  F RC S  
C H A I R M A N
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International Glaucoma Association
KINGS COLLEGE HOSPITAL DENMARK HILL LO NDO N SE5 9RS ENGLAND
T elephone: 071-737 3265 or 071-274 6222 Ext. 2934 R eg istered  Charity No.274681 
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Dr E . M u t 1ukan
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T e n n e n t  I n s t i t u t e  of O p h t h a l m o l o g y
W e s t e r n  I n f i r m a r y
38 C h u r c h  S t r e e t
G l a s g o w  Gil 5NT
Oear Dr M u t i u k a n
We are v e r y  p l e a s e d  to a s s i s t  y o u  w ith  a travel
grant  for the A R V O  m e e t i n g  and e n c l o s e  our
c h e q u e .
I am sure A . N . N . S .  will p r o v e  very useful
for visual f i e l d  a s s e s s m e n t .
S h o u l d  the o r g a n i s e r s  be w i l l i n g  for y ou  to
show s ome  IGA l i t e r a t u r e  at a t a b l e  w h e r e
p a r t i c i p a n t s  will see it, as at the I.P.S.
m e e t i n g  in Kyoto , we s h o u l d  be most g r a t e f u l
both to y ou and to them.
With best w i s h e s  for an e x c e l l e n t  m e e t i n g
C h a i r m a n :  R o n a ld  Pitts Crick  FRCS 
A sso c ia t io n  S e c re ta ry :  Mrs Betsy Wright 
M e m b e r s h i p  S e c re ta ry :  J o h n  Wright ACP F.Col.P.
Patrons: 
Sir J o h n  Wilson CBE 
L ad y  Martin
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C H A I R M A N
G A  AIM S TO PREVENT LOSS  O F  SIGHT F R O M  G L A U C O M A  T H R O U G H O U T  THE W O R L D
PERIM ETRIC SOCIETY
August 7, 1992
Via FAX 041-339 7485
Erkan  Mutiukan, MD 
Research Fellow
Tennent Institute of Ophthalmology 
38 Church Street 
Glasgow G ll-G N T  
UNITED KINGDOM
Dear Dr. Mutiukan:
Congratulations. You have been selected as one of three recipients of an IPS 
travel grant in the amount of US $1,000. In addition, your registration fee to 
the meeting will be waived. Please note that travel expenses in excess of US 
$1,000 cannot be covered by the Society, nor can the costs of the optional 
social events a t the meeting.
One or more of your abstracts has been accepted for the meeting. Notification 
of presentation as a paper or poster, and presentation time on the program 
are being sent by airmail to corresponding authors today.
By copy of this letter, I am notifying Dr. Fritz Dannheim, T reasurer of the 
IPS, who will be in contact with you regarding your preferred method of 
receiving this travel grant (e.g. bank transfer, cheque, currency type).
I look forward to seeing you in Kyoto.
Yours sincerely,
Richard P. Mills, MD 
IPS Secretary
cc: Fritz Dannheim, MD
Yoshiaki Kitazawa, MD 
Anders Heijl, MD
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Mr Erkan Mutlukan 
3rd Year PhD S tu d e n t  
Department  o f  Ophthalmology 
Western  I n f i r m a r y  
Glasgow
Dear Mr Mutlukan
I am p l e a s e d  t o  inform you t h a t  a t  t h e  r e c e n t  m ee t ing  o f  th e  
S c h o l a r s h ip s  Committee you were awarded a t r a v e l l i n g  s c h o l a r s h i p  
o f  £250.
A cheque w i l l  be s e n t  t o  you a t  Medical  F a c u l t y  O f f i c e  in  
a p p ro x im a te ly  two weeks from th e  d a te  o f  t h i s  l e t t e r .
Yours s i n c e r e l y
M:
A d m i n i s t r a t i v e  A s s i s t a n t
F A C U L T Y  OF M E D I C I N E  
U niversity o f  Glasgow, G lasgow G12 8Q Q  
Dean: Professor B. W hiting Clerk: Dr F. M iller 
A dm inistrative Assistants: Mrs A. K. Spurway (H ig h er  D egrees) Ext 4238  Mrs J. A llan (U n d ergrad u ate) Ext 4 239 
Miss L. B lackw ood (U n dergradu ate  A dm issions) Direct Line  0 4 1 -3 3 0  4424  
Telephone: 041—339 8853 Fax: 0 4 1 —330 5140
Ext: 4238
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27 May 1992
Mr Erkan Mutlukan 
Research Assistant 
Department of Ophthalmology 
Western Infirmary 
Glasgow
Dear Mr Mutlukan
I am pleased to tell you that at the recent meeting of the 
Scholarship Committee you were awarded a travelling scholarship 
for £500.
A cheque will be sent to you at your Department shortly.
Yours sincerely
Mi
Administrative Assistant
F A C U L T Y  O F  M E D I C I N E  
U niversity o f  Glasgow, G lasgow G12 8 Q Q  
Dean: Professor B. W hiting Clerk: Dr F. M iller  
A dm inistrative Assistants: Mrs A. K. Spurway (H ig h er  D egrees) Ext 4238  M rsJ. A llan (U n d ergrad u ate) £ x /4 2 3 9  
Miss L. B lackw ood (U n d ergrad u ate  A dm issions) Direct L ine  0 4 1 -3 3 0  4424  
Telephone: 0 4 1 -3 3 9  8855  Fax: 0 4 1 -3 3 0  5440
U n i v e r s i t y  o f  G l a s g o w
Doan: Professor D onald  C am pbell ,  C .B .E .  
Clerk: Fiona Miller.  P h .D .
T e le p h o n e :  0 4 1 -3 3 9  88 5 5  
T e le x :  7 7 7 0 7 0  U N 1 G L A
Faculty o f  M edicine ,  
University  o f  G lasgow  
G lasgow  G 1 2  8 Q Q
F ax: 0 4 1 -3 3 0  5 4 4 0
Ext: 4 2 3 8
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3 July 1991
Mr Erkan Mutlukan
c/o Department of Ophthalmology
Western Infirmary
Glasgow
Dear Mr Mutlukan
I am pleased to inform you that it has been agreed by the adjudicators that 
you be awarded the Dr Mary Hawthorne Prize for your essay.
The Senate Office is responsible for arranging payment of the prize (£3 0 0 ) and 
I have informed them today of the award. The essay should now be bound and 
lodged in the University archive.
May I add my congratulations to you on your success.
Yours sincerely
Mr
Administrative Assistant
cc Professor C M Kirkness
UNIVERSITY OF GLASGOW
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D e a r  E r k a n  M u t l u k a n
MARY HAWTHORNE PRIZE
MEDICAL OPHTHALMOLOGY ESSAY - £ 300
I am p l e a s e d  t o  i n f o r m  y o u  t h a t  o n  t h e  r e c o m m e n d a t i o n  o f  t h e  S e n a t e ,  y o u  h a v e  
b e e n  g r a n t e d  t h e  a b o v e - n a m e d  a w a r d .
I am a s k e d  b y  t h e  S e n a t e  t o  c o n g r a t u l a t e  y o u  o n  y o u r  s u c c e s s  a n d  t o  s e n d  a  
c h e q u e  f o r  t h e  a m o u n t  o f  t h e  a w a r d .
Y o u r s  s i n c e r e l y
Miss Patricia M McGill 
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Dr E Mutlukan Your Ref:
Western Infirmary Eye Department 
3 8 Church Street 
Glsgow Gil 6NT
15th September 1992
Dear Dr Mutlukan 
William McCunn/s Trust
We refer to your Application for a Travelling Scholarship to 
travel to the Xth International Perimetric Society Meeting in 
Japan in October. We are pleased to advise you that after 
consideration of your Application the Trustees have awarded you a 
grant of £250 towards your expenses.
We enclose herewith a receipt for £250 and on return of the signed 
receipt we shall forward our cheque.
Yours faithfully
enc
GLASGOW 
UNIVERSITY 
LIBRARY _
in co rpora ting  M itchells  J o h n s to n  F-H a  H o g g a n  a n a  M a c k e n z ie . R o b e d o n  i, C o . A u th o rise d  to  c o n d u c t in v e s tm e n t b u s in e s s  u n a e r  th e  F inancial S e rv ic e s  A ct 1 986  by  th e  la w  S o cie ty  of S c o tla n d .
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Dr Erkan Mutlukan Your Ref:
Tennent Institute of Ophthalmology 
3 8 Church Street 
Glasgow Gil 6NT
6th March 1992
Dr Dr Mutlukan 
William McCunn's Trust
We refer to your Application for a Travelling Scholarship to 
present papers at the IXth Congress of the European Society of 
Opthalmology, Brussells, Belgium. We are pleased to advise you 
that after consideration of your Application the Trustees have 
awarded you a grant of £300 towards your expenses.
We enclose herewith a receipt for £3 00 and on return of the signed 
receipt we shall forward our cheque.
Yours faithfully
enc
Incorporating Mitchells Johnston Hill & Hoggan and Mackenzie, Roberton & Co. Authorised to conduct investment business under the Financial Services Act 1986 by the Law Society of Scotland.
Please be aware that computer discs which are used in several machines run a high risk 
of corruption, especially as a result of infection by a virus. You are strongly 
recommended, if you intend to use the disc(s) enclosed, to ensure that your computer is 
protected with appropriate software for the detection of known viruses, and for the 
repair of damage they may cause.
Please refer any problems to the Library Enquiry Desk (ext 6704/5).
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